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ABSTRACT 
I t i s c l e a r t h a t t h e i n c r e a s i n g o f a g r i c u l t u r e p r o d -
u c t i v e n e s s i s e s s e n t i a l t o economic development, b u t t h i s 
i n v o l v e s s p e c i a l problems a r i s i n g from t h e d i s t i n c t charac-
t e r i s t i c s o f a g r i c u l t u r e i t s e l f and o f i t s r e l a t i o n s w i t h 
t h e o t h e r s e c t o r s o f economy and s o c i e t y . U l t i m a t e l y , a l l 
a g r i c u l t u r a l development p o l i c i e s (as a l l o t h e r policies)„ 
have t o be implemented a t p r o j e c t l e v e l , and t h e e v a l u a t i o n 
o f t h e f a c t o r s a f f e c t i n g t h e degree o f success a c h i e v e d i n 
such p r o j e c t s i s o f obvious i m p o r t a n c e . 
I n t h i s t h e s i s a t t e n t i o n i s r e s t r i c t e d t o a c o n s i d e r a t i o n 
o f a g r i c u l t u r a l development p r o j e c t s i n t h e M i d d l e E a s t e r n 
a r i d zone. The Tauorga p r o j e c t i n L i b y a i s an a l y s e d and 
e v a l u a t e d i n depth and p a r t i c u l a r a t t e n t i o n i s p a i d t o i d e n t -
i f y i n g t h e t e c h n i c a l or n o n - t e c h n i c a l problems and d i f f i c u l t i e s 
w h ich h i n d e r e d t h i s p r o j e c t ' s p r o g r e s s . From t h i s , a 
g e o g r a p h i c a l l y based approach c o m p r i s i n g t h r e e t y pes o f 
e v a l u a t i o n i s d e r i v e d . These t h r e e t y p e s o f e v a l u a t i o n a r e : 
c r i t i c a l p a t h a n a l y s i s ; a p p l i c a t i o n o f t h e law o f t h e 
minimum; s u i t a b i l i t y and int e r d e p e n d e n c e o f i n p u t f a c t o r s . 
Two f u r t h e r analogous a g r i c u l t u r a l p r o j e c t s i n the 
U.A.E. and Oman, which are d e s c r i b e d i n some d e t a i l , are a l s o 
examined by means o f a p p l y i n g these e v a l u a t i o n methods. A 
f u r t h e r t h r e e analogous a g r i c u l t u r a l p r o j e c t s , a l l i n Saudi 
A r a b i a , are more b r i e f l y d e s c r i b e d , and j u d g e d a g a i n s t o r i g i n a l 
p r o p o s a l s i n t h e l i g h t o f t h e r e s u l t s o b t a i n e d from t h e 
previous more d e t a i l e d s t u d i e s . 
I t i s conc l u d e d t h a t t h e approaches used here f o r 
a n a l y s i n g p r o j e c t performance c o u l d be v a l u a b l e t o o l s f o r 
i m p r o v i n g p r o j e c t d e s i g n and i m p l e m e n t a t i o n t h r o u g h feedback and 
f o r w a r d c o n t r o l systems. 
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INTRODUCTION 
Enormous i n v e s t m e n t s are b e i n g made i n i m p r o v i n g 
e x i s t i n g f a r m i n g , i n t r o d u c i n g new v i r g i n lands i n t o c u l t i v -
a t i o n and measures t o conserve s o i l and water r e s o u r c e s e t c . 
Remarkably i m p o r t a n t are t h e c o n s t r u c t i o n o f l a r g e , advanced 
t e c h n o l o g y , commercial a g r i c u l t u r a l p r o j e c t s , p a r t i c u l a r l y i n 
Li b y a and A r a b i a , d u r i n g t he l a s t few years aimed a t 
s e t t l i n g o r r e s e t t l i n g i n h a b i t a n t s and ai m i n g t o achie v e t h e 
improvement o f the socio-economic and c u l t u r a l l i f e o f t h e 
i n h a b i t a n t s . 
I n a l l these p r o j e c t s r e a l a g r i c u l t u r a l p o t e n t i a l 
e x i s t s , b u t t h e p h y s i c a l environments are har s h and g i v e n t he 
need f o r t h e commercial v i a b i l i t y o f these p r o j e c t s , t h e 
e x p l o i t a t i o n o f t h i s p o t e n t i a l demands t h e use o f non-
ind i g e n o u s t e c h n o l o g y t h r o u g h o u t , from t h e f e a s i b i l i t y s t u d y 
phase a l l t he way t h r o u g h t o the p r o d u c t i o n and m a r k e t i n g phas 
I t was v e r y easy f o r these c o u n t r i e s t o pay f o r t h e 
im p o r t o f t e c h n o l o g y and t e c h n i c a l s k i l l because o f t h e i r 
abundant c a p i t a l , and t o some e x t e n t t h e y have succeeded i n 
t h i s . T his success, however, has n o t extended i n t o p r o j e c t 
i m p l e m e n t a t i o n and, i n p a r t i c u l a r , d i d n o t c o n t i n u e when the 
q u e s t i o n o f o p e r a t i n g these h i g h t e c h n o l o g y p r o j e c t s and 
m a i n t a i n i n g them arose. 
I n s p i t e o f t h e poor t e c h n o l o g i c a l background o f these 
c o u n t r i e s , and p a r t l y because o f t h e r e l a t i v e l y d i f f i c u l t 
p h y s i c a l environments t h e y chose t h e i m p l e m e n t a t i o n o f a 
h i g h l y t e c h n i c a l approach, which r e q u i r e s h i g h l y s k i l l e d 
Since v e r y few, o r even no human p r e p a r a t i o n s o r changes 
too k p l a c e t o match t h i s r e q u i r e m e n t demand, t h e p r o j e c t s d i d 
not o p e r a t e as th e y were p l a n n e d , as we s h a l l see i n t h e case 
s t u d i e s . 
D u r i n g t he 1960's, t h e German C o n s u l t i n g E n g i n e e r i n g 
Group and t h e West German e n g i n e e r i n g c o n s u l t a n t s , WAKUTI, were 
engaged i n e x t e n s i v e development work i n the T h i r d World. 
I n A p r i l 1973 t h e a u t h o r j o i n e d t h e f i r s t f i r m as an a g r o n o m i s t . 
A f t e r a few days i n t h e branch o f f i c e a t T r i p o l i , L i b y a , was 
sent t o K u f r a , South East o f L i b y a , where t h e f i r m was i n v o l v e d 
i n s t u d y i n g , i n v e s t i g a t i n g and p l a n n i n g an i r r i g a t i o n and 
semi-nomadic s e t t l e m e n t p r o j e c t . At K u f r a s e t t l e m e n t p r o j e c t t h e 
a u t h o r ' s assignment, w i t h a n o t h e r German e x p e r t , was t o c a r r y 
out a socio-economic survey o f t h e area. This i n v o l v e d d e t a i l e d 
r e s e a r c h i n t o f a m i l y incomes, f a m i l y e x p e n d i t u r e , f a m i l y s i z e 
and t h e i r w i l l i n g n e s s t o become s e t t l e r s e t c . 
The a u t h o r was a l s o i n v o l v e d w i t h s o i l s a m p l i n g , 
analyses and p e r m e a b i l i t y t r i a l s as w e l l as w i t h t h e s u r v e y i n g 
work. L a t e r t h i s f i r m was i n v o l v e d i n Um A l Jdawl, Wadi S h a t t i , 
and Sebha and a g a i n t h e a u t h o r was i n v o l v e d w i t h t h e same 
a c t i v i t i e s and, i n a d d i t i o n , s e r v e d as a s s i s t a n t t o a w e l l 
d r i l l i n g e x p e r t . 
I n June 1975 t h e a u t h o r j o i n e d WAKUTI f i r m , as an 
agronomist a t Tauorga A g r a r i a n Reform p r o j e c t where he was 
i n v o l v e d w i t h t h e s u p e r v i s i o n o f t h e l e v e l l i n g , l e a c h i n g and 
r e c l a m a t o r y c u l t i v a t i o n . I n a d d i t i o n he a l s o a c t e d as 
an i n t e r p r e t o r i n meetings w i t h t h e L i b y a n a u t h o r i t i e s . From 
A p r i l 1977 t o December 1977 t h e a u t h o r c o n t i n u e d t o work i n 
t h i s p r o j e c t on b e h a l f o f t h e Li b y a n Tauorga p r o j e c t s u p e r v i s i o n 
committee when he was c o m p l e t e l y r e s p o n s i b l e f o r t h e management, 
o r g a n i z a t i o n o f t h e seasonal and d a i l y a g r i c u l t u r e p r o c e s s e s , 
i r r i g a t i o n and l a b o u r e r s i n Area South, 414 ha. i n s i z e , i n 
t h i s p r o j e c t . I n t h e course o f h i s f o u r and a h a l f y e a r s i n 
L i b y a , t h e a u t h o r t r a v e l l e d e x t e n s i v e l y i n t h e c o u n t r y , and 
formed a broad p i c t u r e o f t h e c u r r e n t a g r i c u l t u r a l s i t u a t i o n . 
D u r i n g 1980 a r e s e a r c h f i e l d w o r k programme i n L i b y a 
was p l a n n e d , w i t h t h e a s s i s t a n c e o f t h e S o c i e t y f o r L i b y a n 
S t u d i e s , b u t had t o be abandoned because an e n t r y v i s a c o u l d 
n o t be o b t a i n e d . This s t u d y i s t h e r e f o r e based on: (a) t h e 
a u t h o r ' s own work e x p e r i e n c e and independent i n v e s t i g a t i o n s 
c a r r i e d out d u r i n g employment i n L i b y a , (b) t h e l a r g e l y 
u n p u b l i s h e d r e p o r t s and documents produced i n and f o r L i b y a 
by government agencies and c o n s u l t a n t s , ( c ) o t h e r documents 
and r e p o r t s r e l a t i n g t o p r o j e c t s elsewhere and (d) t h e more 
g e n e r a l s t u d i e s n o t e d i n t h e b i b l i o g r a p h y . 
I n Chapter One a b r i e f a g r i c u l t u r a l background o f L i b y a 
i s r e v i e w e d . 
Chapter Two comprises s t u d i e s o f l o c a t i o n , h i s t o r y , l a n d 
use and l a n d t e n u r e r e l a t i n g t o the Tauorga p r o j e c t . 
I n Chapter Three t h e p h y s i c a l f a c t o r s o f t e r r a i n , c l i m a t e , 
s o i l and w a t e r i n v o l v e d i n t h e p r o j e c t i m p l e m e n t a t i o n are 
d e s c r i b e d . 
I n Chapter Four t h e economic, s o c i a l and o r g a n i z a t i o n a l 
f a c t o r s o f p r o d u c t i o n are examined i n t h e c o n t e x t o f t h e l a n d 
f a c t o r s c o n s i d e r e d i n Chapter Three. 
Chapter Five comprises two p a r t s : 
P a r t One covers t h e development processes o f t h e p r o j e c t , w h i l e 
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P a r t two covers t h e p r o j e c t o b j e c t i v e s , p a y i n g p a r t i c u l a r 
a t t e n t i o n t o t h e p l a n n e d f a m i l y income o f t h e s e t t l e r s . 
The h y p o t h e t i c a l p r o f i t a b i l i t y o f t h e proposed f a m i l y farms 
can o n l y be e s t i m a t e d by u t i l i z i n g r e l a t i v e l y s imple a n a l y t -
i c a l methods because o f t h e l a c k o f a v a i l a b i l i t y of d ata 
necessary f o r a more s o p h i s t i c a t e d a n a l y s i s . 
I n a d d i t i o n , a c i r c l e o f development i s i d e n t i f i e d . 
I n Chapter Six t h e t e c h n i c a l and non t e c h n i c a l problems 
and d i f f i c u l t i e s w hich h i n d e r e d t h e p r o j e c t p r o g r e s s i o n l e a d i n g 
t o wide d i s c r e p a n c i e s between p l a n and a c t u a l i t y are i d e n t i f i e d 
and a n a l y s e d . 
I n Chapter Seven a fundamental and t y p o l o g i c a l r e v i e w 
o f t h e reasons f o r such d i s c r e p a n c i e s between planned a c t u a l i t y 
i s a n a l ysed. Consequently a h y p o t h e t i c a l and g e o g r a p h i c a l l y 
based approach i s d e r i v e d , t h i s c o m p r i s i n g t h r e e e v a l u a t i o n 
elements; these are ; 
1. C r i t i c a l p a t h a n a l y s i s 
2. L i e b i g ' s concept o f "Law o f the minimum" 
3. M a t r i x a n a l y s i s o f t h e s u i t a b i l i t y and i n terdependence 
o f t h e i n p u t f a c t o r s i n v o l v e d i n t h e p r o j e c t development. 
I n Chapter E i g h t these t h r e e c r i t e r i a are a p p l i e d i n 
a n a l y s i n g a n o t h e r two analogous a g r i c u l t u r e p r o j e c t s , w h i c h 
are d e s c r i b e d some i n d e t a i l , these are -
1. The Tawi M i l e i h a p r o j e c t i n U n i t e d Arab Em i r a t e s . 
2. Kamil A l Wafi p r o j e c t i n Oman. 
Fu r t h e r m o r e , another t h r e e analogous a g r i c u l t u r a l 
p r o j e c t s , a l l i n Saudi A r a b i a , are b r i e f l y d e s c r i b e d 
and are j u d g e d a g a i n s t o r i g i n a l p r o p o s a l s i n t h e l i g h t o f 
knowledge b u i l t up from those examined e a r l i e r . These 
are - 1) A i n Haradh, 2) A l Hassa Oasis and 3( Q a t i f . 
I n Chapter Nine, t h e C o n c l u s i o n , f o l l o w i n g the e a r l i e r 
t e s t i n g o f the s u i t a b i l i t y o f t h e e v a l u a t i o n approaches 
developed i n Chapter Seven, the a p p l i c a t i o n o f these 
e v a l u a t i o n t e c h n i q u e s d u r i n g r a t h e r t h a n a f t e r p r o j e c t work 
i s e x p l o r e d . I t i s concluded t h a t , t h r o u g h t h e feedback 
and f e e d f o r w a r d o f i n f o r m a t i o n , t h e r e s u l t o f a p p l y i n g 
these e v a l u a t i o n t e c h n i q u e s a t a l l stages would s i g n i f i c a n t l y 
improve t h e development process even though i n some cases 
t h e r e may be i m p l i e d major changes o f p o l i c y . 
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CHAPTER ONE 
1.1 I n t r o d u c t i o n and Background 
At t h e t i m e o f i t s achievement o f independence i n 1951, 
L i b y a was c o n s i d e r e d t o be one o f t h e p o o r e s t c o u n t r i e s o f 
t h e w o r l d , w i t h few known n a t u r a l r e s o u r c e s , a d i f f i c u l t 
n a t u r a l e n v i r o n m e n t , and a p o p u l a t i o n w h i c h was s m a l l , poor, 
i l l i t e r a t e and backward i n almost every r e s p e c t . ^ The 
people had endured c o n s i d e r a b l e h a r d s h i p s under Ottoman 
r u l e r s who governed t h e c o u n t r y between 1551 - 1911, and 
I t a l i a n r u l e from 1911 t o 1943. E d u c a t i o n had been almost 
c o m p l e t e l y n e g l e c t e d and what economic development had been 
encouraged, had been l a r g e l y f o r t h e b e n e f i t o f the f o r e i g n 
c o l o n i s e r s . To be s u r e , t h e I t a l i a n s had l e f t a number o f 
good farms i n v a r i o u s I t a l i a n s e t t l e m e n t schemes and a 
s i g n i f i c a n t p h y s i c a l i n f r a s t r u c t u r e , m a i n l y s e r v i n g t h e c o a s t a l 
a r e a s , much o f w h i c h , however, was d e s t r o y e d d u r i n g t h e 
second w o r l d war. No e f f o r t had been made t o u n i t e t h e 
v a r i o u s s e t t l e d p a r t s o f t h e c o u n t r y , w h i c h were s e p a r a t e d 
by d i f f i c u l t c o u n t r y and hundreds o f k i l o m e t r e s o f d e s e r t . 
On independence, t h e r e f o r e , the economy was i n poor 
shape and depended on o u t s i d e a i d . Table No. 1.1 shows t h e 
amounts o f o u t s i d e f i n a n c i a l a i d g i v e n by f o r e i g n 
* (2) governments. 
The resources o f t h e c o u n t r y s i m p l y were n o t t h e n 
adequate t o s u p p o r t t h e v e r y l a r g e i n v e s t m e n t needed t o 
c o n s t r u c t t h e t r a n s p o r t and communication l i n k s r e q u i r e d t o 
u n i f y t h e c o u n t r y g e o g r a p h i c a l l y , o r t o c r e a t e t h e 
e d u c a t i o n a l and h e a l t h f a c i l i t i e s r e q u i r e d t o develop t h e 
n a t i v e a b i l i t i e s o f t h e p e o p l e , o r t o b u i l d t h e f o u n d a t i o n s 
f o r a p r o d u c t i v e and growing a g r i c u l t u r e and i n d u s t r y . 
TABLE NO. 1.1 F i n a n c i a l Aid given Libya by Foreign Governments 
Country Amount Remarks 
B r i t i s h 400,000 L .D. 1952 - 1953 
1 ,000,000 L .D. 1953 
3 ,2 50,000 L .D. per y e a r f o r L i b y a n b u d g e t a r y 
s u p p o r t i n r e t u r n f o r c e r t a i n 
m i l i t a r y p r i v i l e g e s w i t h no 
a d d i t i o n a l c o n t r i b u t i o n f o r 
development ( i n 1958) 
French 200,000 L . D. 1952 - 1953 
I t a l y 600,000 L .D. 1952 - 1953 
U n i t e d N a t i o n 
LATAS and 
o t h e r 
1 ,200,000 L .D. LATAS = Lib y a n American T e c h n i c a l 
A s s i s t a n c e S e r v i c e s 
U n i t e d S t a t e s 7 ,000,000 $ 1954 
4,000,000 $ per y e a r 1954 - 1960 
10 ,000,000 $ p e r y e a r 1960 - 1965 
Other 
C o u n t r i e s 100,000 $ 
I n an average year such as 1950, t h e f o l l o w i n g 
(Table No. 1.2) i n d i c a t e s t h e volume o f crop p r o d u c t i o n and 
f 3") 
number o f l i v e s t o c k . k J 
TABLE NO. 1.2 Average c r o p p r o d u c t i o n and number o f 
l i v e s t o c k , f930 
Crop M e t r i c t o n s Animals Number 
B a r l e y 8 5,000 Sheep 767,000 
Wheat 8,000 Goat 690,000 
Dates 40,000 C a t t l e 63,000 
O l i v e o i l 8,000 Camels 83,000 
While t h e r e are no r e l i a b l e f i g u r e s on t h e annual 
l i v e s t o c k p r o d u c t i o n i n terms o f meat, m i l k , wool and h a i r , i t 
can be s a f e l y assumed t h a t per c a p i t a o u t p u t was v e r y low, 
f 4") 
due t o poor b r e e d i n g , f e e d i n g and management c o n d i t i o n s . ' 
Table No. 1.3 shows t h e d i f f e r e n t sources o f n a t i o n a l income 
i n 1959 where t h e a g r i c u l t u r a l s e c t o r c o n t r i b u t e d an 
e s t i m a t e d 24.5 per c e n t o f t h e Li b y a n n a t i o n a l income. 
TABLE NO. 1.3 D i s t r i b u t i o n o f N a t i o n a l Income by source,Libya 1959 
Source o f income 
% o f t o t a l 
income 
N a t i o n a l 
income 
(000 L.D.) 
1. A g r i c u l t u r e 24. 5 13,750 
2. Petroleum P r o s p e c t i n g 7.7 4,300 
3. M a n u f a c t u r i n g and R e p a i r i n g 11.4 6,406 
4. C o n s t r u c t i o n 3.5 2,000 
5. E l e c t r i c i t y and Gas 1.5 837 
6. T r a n s p o r t a t i o n , s t o r a g e and 
communication 7.3 4,072 
7. Wholesale and R e t a i l t r a d e 14.3 8,024 
8. Banking and In s u r a n c e 2.5 1,383 
9. Ownership o f D w e l l i n g s 8.9 5,000 
10. P u b l i c A d m i n i s t r a t i o n and Defence 13.7 7,700 
Other s e r v i c e s 4.7 2,640 
T o t a l 100.0 56,112 
Source: U n i t e d Kingdom o f L i b y a , S t a t i s t i c a l A b s t r a c t o f 
L i b y a 1958-1962 ( T r i p o l i 1963) 
The economy had in d e e d , d e s p i t e appearances, been u n d e r g o i n g a 
slow change s i n c e independence.^-^ 
Before t h e d i s c o v e r y o f o i l the p h y s i c a l r e s o u r c e s 
t h a t c o u l d be i d e n t i f i e d f o r development were a g r i c u l t u r e , 
f i s h e r i e s and t o u r i s m , i n t h i s o r d e r o f p r i o r i t y . ^ A t 
t h a t t i m e n e a r l y 80% o f t h e p o p u l a t i o n l i v e d i n the r u r a l and 
nomadic s e c t o r s o f t h e economy and most t h e l a b o u r f o r c e was 
engaged i n these s e c t o r s . A p a r t f r o m the few modern farms, 
w h i c h were l a r g e l y owned and managed by I t a l i a n s , t h e a g r i c u l t u r e 
o f t h e c o u n t r y was i n the s u b s i s t e n c e s e c t o r , except f o r 
c e r e a l s and l i v e s t o c k , o f w h i c h t h e r e were s i g n i f i c a n t 
m a r k e t a b l e s u r p l u s e s i n some y e a r s . A g r i c u l t u r a l p r o d u c t i o n 
was l a r g e l y d e t e r m i n e d by amounts o f r a i n f a l l , w h i c h i s v e r y 
u n p r e d i c t a b l e . Three main types o f f a r m i n g c o u l d be 
d i s t i n g u i s h e d i n t h e p r e - o i l p e r i o d ^ J - a) Nomadism, 
b) semi nomadism and c) s e t t l e d f a r m i n g . 
a) Nomadism:- A nomad i s p r i m a r i l y dependent upon g r a z i n g 
f l o c k s o f sheep, goats and camels. The d i s t i n g u i s h i n g f e a t u r e 
i s t h a t nomads w i l l l e a v e t h e i r t r i b a l c e n t r e s f o r l o n g p e r i o d s 
and v e n t u r e out i n t o the d e s e r t i n search o f r a i n f e d n a t u r a l 
g r a z i n g . They may remain t h e r e f o r s e v e r a l years g r a z i n g 
t h e i r f l o c k s and sowing s m a l l q u a n t i t i e s o f g r a i n ( m a i n l y 
b a r l e y ) . There i s o f t e n no r e g u l a r p a t t e r n t o t h e i r movement 
( w i t h i n acknowledged t e r r i t o r i e s ) because t h e i r l i v e l i h o o d i s 
dependent upon r a i n f a l l i n t h e d e s e r t area which i s 
u n p r e d i c t a b l e and unevenly d i s t r i b u t e d . Since t h e nomads are 
wanderers i n i s o l a t e d a r e a s , t h e y are g e n e r a l l y i l l i t e r a t e and 
t h e i r h e a l t h and l i v i n g c o n d i t i o n s are poor. 
b) Semi-nomadism:- This i n v o l v e s f a r m i n g o f permanent p l o t s 
o f u n i r r i g a t e d l a n d t o g e t h e r w i t h r e g u l a r annual p a t t e r n s o f 
p a s t o r a l m i g r a t i o n . By t h e m i d d l e o f September t h e semi-nomads 
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leave t h e i r farm l a n d and move over s e v e r a l k i l o m e t r e s t o the 
oa s i s o r c o a s t a l areas t o buy dates ( o r t o c o l l e c t dates from 
t h e i r own o a s i s t r e e s ) and o t h e r f o o d s t u f f s A f t e r about 
e i g h t weeks t h e y r e t u r n t o p l o u g h and sow t h e i r l a n d w i t h 
b a r l e y and wheat. From December u n t i l May t h e y s i m p l y move 
t h e i r t e n t s over t h e g r a z i n g range i n search o f f o o d f o r t h e i r 
a n i m a l s . Toward t h e end o f A p r i l - b e g i n n i n g o f May t h e 
h a r v e s t begins and t h i s keeps them o c c u p i e d f o r about two 
months. Thus t h e semi-nomads roam, b u t w i t h i n a c o n f i n e d area 
and i n r e l a t i v e l y r e g u l a r p a t t e r n s . Here a l s o a g r i c u l t u r a l 
t e c h n i q u e s are s i m p l e , l i t e r a c y low and a l t h o u g h s o c i a l and 
economic o r g a n i s a t i o n o f l i f e was more c o m p l i c a t e d t h a n t h a t 
o f t h e f u l l nomads, t h e s u b s i s t e n c e aspect was s t i l l dominant 
and t h e p r o d u c t i o n o f p r o d u c t s f o r s a l e o r exchange remained 
low. The i n h a b i t a n t s o f t h e Tauorga oases r e g i o n were 
e s s e n t i a l l y semi-nomads o f t h i s k i n d . 
c) S e t t l e d f a r m i n g : - Most o f t h e s e t t l e d f a r m i n g was l o c a t e d 
i n the Western Region o f L i b y a , m a i n l y a l o n g t h e c o a s t a l p l a i n . 
Two types o f s e t t l e d f a r m i n g must be i d e n t i f i e d . The f i r s t 
was t h e t r a d i t i o n a l Arab farm. This u s u a l l y c o n s i s t e d o f a s m a l l 
p l o t o f i n t e n s i v e l y c u l t i v a t e d i r r i g a t e d l a n d . Most o f t h e 
o u t p u t was used f o r t h e farmers p e r s o n a l consumption. Some 
farmers a l s o owned animals which were grazed on the u n i r r i g a t e d 
areas. Others owned i n d i v i d u a l s e c t i o n s o f d r y l a n d w h i c h 
were v i s i t e d t w i c e a y e a r , once i n November t o p l a n t t h e crop 
and a g a i n i n May t o h a r v e s t . For t h e remainder o f t h e y e a r , 
the Arab farmer worked on h i s i r r i g a t e d p l o t . 
The second t y p e o f s e t t l e d f a r m i n g c o n s i s t e d p r i m a r i l y 
o f t h e former I t a l i a n concession and demographic s e t t l e m e n t s . 
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These were l a r g e r farms who g e n e r a l l y u t i l i z e d modern 
machines and methods. Many were i r r i g a t e d w i t h e f f i c i e n t 
pumping and d i s t r i b u t i o n system. I n many cases t h e y were 
s t i l l r u n by I t a l i a n s up t o the l a t e 1960's and p r o d u c t i o n was 
c a r r i e d out w i t h t h e aim o f making a p r o f i t t h r o u g h s a l e s 
on t he open market. 
I n f a c t t h e r e was s u b s t a n t i a l seasonal unemployment and 
permanent under-employment i n a g r i c u l t u r e and nomadic 
«.• (8) 
a c t i v i t i e s . J 
Y e t , i n s p i t e o f such a poor s t a t e o f development, 
a g r i c u l t u r e was t h e backbone o f t h e economy. I t engaged about 
70% o f t h e a c t i v e l a b o u r f o r c e and produced about 60$ o f 
th e gross domestic p r o d u c t i o n . 
Except f o r scrap m e t a l r e m a i n i n g from t h e second war, 
e x p o r t s i n t h e 1950's c o n s i s t e d o f a g r i c u l t u r a l produce 
i n c l u d i n g e s p a r t o g r a s s . These f a c t s p o i n t e d t o t h e n e c e s s i t y 
f 91 
o f g i v i n g a g r i c u l t u r e development p r i o r i t y . J But t h e 
i m p l e m e n t a t i o n o f such a s t r a t e g y was handicapped by t h e 
extreme s h o r t a g e o f s k i l l i n a g r i c u l t u r e and t h e s c a r c i t y o f 
c a p i t a l . I n f r a s t r u c t u r e was almost e n t i r e l y l a c k i n g i n t h e 
r u r a l areas and was b a d l y damaged d u r i n g t h e war i n urban 
areas. Moreover, t h e I t a l i a n s d i d l i t t l e o r n o t h i n g t o 
pre p a r e t h e Libyan people f o r s e l f - g o v e r n m e n t . E d u c a t i o n and 
t e c h n i c a l t r a i n i n g were n e g l e c t e d , and t h e Libyans were 
v i r t u a l l y e x c l u d e d from t h e a d m i n i s t r a t i o n . As a r e s u l t , 
t h r o u g h no fa a l t o f i t s own, L i b y a has remained h e a v i l y 
dependent on f o r e i g n a d m i n i s t r a t i v e and t e c h n i c a l p e r s o n n e l , 
and t h e t r a i n i n g o f Libyans t o r e p l a c e them i s s t i l l t h e most 
d i f f i c u l t o f a l l t h e problems a s s o c i a t e d w i t h economic 
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A 1 - (10) 
development. v J 
This b l e a k p i c t u r e was d r a m a t i c a l l y changed w i t h t h e 
d i s c o v e r y and development o f t h e c o u n t r y ' s o i l r e s o u r c e s . 
Independent L i b y a t u r n e d i t s a t t e n t i o n t o t h e problem i n 
t h e e a r l y 1950's, and l a t e i n 1953 o i l e x p l o i t a t i o n p e r m i t s 
were i s s u e d . A c t i v i t y e f f e c t i v e l y got under way i n 1955 
a f t e r t h e f i r s t p e t r o l e u m law was s i g n e d i n June and t h e 
f i r s t concessions g r a n t e d i n November. Four years l a t e r 
o i l had been d i s c o v e r e d , and by 1961 e x p o r t s had begun. 
I n 1962 t h e L i b y a n government r e c e i v e d over L.D 14 m i l l i o n 
i n o i l revenues. 
The d i s c o v e r y o f o i l i n L i b y a and t h e subsequent r a p i d 
e x p l o i t a t i o n o f r e s e r v e s i s t h e most i m p o r t a n t economic and 
s o c i a l f a c t o r t o a f f e c t L i b y a s i n c e the I t a l i a n c o l o n i a l 
o c c u p a t i o n o f t h e c o u n t r y a f t e r 1911. N a t i o n a l and per 
c a p i t a income have been r i s i n g r a p i d l y s i n c e 1962 and t h e 
impact o f t h i s new w e a l t h has been f e l t v e r y much i n the 
a g r i c u l t u r a l areas o f t h e c o u n t r y . The t r a d e s e c t o r and 
t h e c o n s t r u c t i o n and s e r v i c e i n d u s t r i e s , and t h e h i g h wages 
o f f e r e d by t h e urban s e c t o r , b r o u g h t about by the d i s c o v e r y 
f 12) 
o f o i l , -* a l l r e s u l t e d i n t h e movement o f l a b o u r and 
c a p i t a l away fr o m a g r i c u l t u r e . W i t h t h i s movement, L i b y a n 
a g r i c u l t u r e was l e f t t o s t a g n a t e i n i t s low l e v e l o f develop-
ment, and t h e consumer t u r n e d t o w o r l d markets f o r t h e 
purchase o f h i s f o o d s u p p l i e s . 
The a v a i l a b i l i t y o f f o o d from abroad f i l l e d t h e gap 
c r e a t e d by t h e sudden i n c r e a s e i n demand i n the c i t i e s . Many 
people tended t o l o o k upon t h i s source as an adequate and 
r e l a t i v e l y e a s i e r a l t e r n a t i v e t o the development o f domestic 
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a g r i c u l t u r e . Thus, g r a d u a l l y , t h e urban, and l a t e r on even 
the r u r a l p o p u l a t i o n , became more and more dependent upon 
f o r e i g n a g r i c u l t u r e f o r t h e p r o d u c t i o n o f i t s f o o d requirements.^ 
I t i s c l e a r , as we can see from Table No. 1.4, t h a t t h e r e 
were s i g n i f i c a n t s h i f t s t a k i n g p l a c e , i n c l u d i n g a l s o a d e c l i n e 
i n t h e percentage o f t h e e c o n o m i c a l l y a c t i v e p o p u l a t i o n i n 
a g r i c u l t u r e , f a l l i n g s i g n i f i c a n t l y between 1958 and 1964 by 
36.211 w h i l e t h e percentage o f the e c o n o m i c a l l y a c t i v e p o p u l -
a t i o n i n the o t h e r s e c t o r s i n c r e a s e d . 
TABLE NO. 1.4 Percentage o f e c o n o m i c a l l y a c t i v e p o p u l a t i o n , 
1958 and 1964 
D i v i s i o n o f economic a c t i v i t y % o f T o t a l 
1958 1964 
A g r i c u l t u r e , F o r e s t r y , H u n t i n g and F i s h i n g 71.95 35.74 
M i n i n g and Q u a r r y i n g 1.28 3.52 
M a n u f a c t u r i n g 4.55 7.25 
C o n s t r u c t i o n 1.83 7.76 
E l e c t r i c i t y , gas, w a t e r and s a n i t a r y s e r v i c e s 0.35 1.50 
Commerce 5.15 6. 60 
T r a n s p o r t , communication and s t o r a g e 2.64 5.61 
S e r v i c e s 12.25 20.36 
A c t i v i t i e s n o t a d e q u a t e l y d e s c r i b e d 11.66 
Sources: U n i t e d Kingdom o f L i b y a , N a t i o n a l income e s t i m a t e s , 
1958; and Kingdom o f L i b y a , General p o p u l a t i o n 
Census, 1964. ( T r i p o l i ) 
Between 1958 and 1962, d u r i n g t he f i r s t y e ars o f t h e o i l 
e r a , t he s t a t u s o f a g r i c u l t u r e d e c l i n e d i n every p o s s i b l e way. 
I t i s obvious i n Table No. 1.5 t h a t t h e w o r s t impact 
o f o i l on a g r i c u l t u r e p r o d u c t i o n was d u r i n g t he p e r i o d 
1958 - 62 when the a b s o l u t e v a l u e o f a g r i c u l t u r e income, 
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at 1964 p r i c e s , d e c l i n e d from L.D 20 t o 17.3 m i l l i o n . 
TABLE NO. 1.5 Economic I n d i c a t i o n s o f t h e changing S t a t u s 
o f A g r i c u l t u r e " 
(L.DTmillion) 
N a t i o n a l Economy 1958 1962 1967 
T o t a l v a l u e o f a g r i c u l t u r a l 
p r o d u c t i o n (1964 p r i c e s ) 20.0 17.3 21.0 
Value o f f o o d e x p o r t s 
( c u r r e n t p r i c e s ) 2.7 1.8 0.6 
Value o f f o o d i m p o r t s 
( c u r r e n t p r i c e s ) 5.1 8.4 19.2 
Food d e f i c i t ( v a l u e ) 2.4 6.6 18.6 
Value o f p e t r o l e u m e x p o r t s 0 49.0 417.3 
Per c e n t 
Value o f p e t r o l e u m p r o d u c t i o n 
as per c e n t o f GDP 6.9 28.5 54.7 
Value o f a g r i c u l t u r a l o u t p u t as 
per c e n t o f GDP 26.1 9.4 3.4 
A g r i c u l t u r a l Labour (per c e n t 
o f t o t a l l a b o u r f o r c e ) 70.0 50.0 33.9 
Source:- A l l a n , J.A. e t a l L i b y a : A g r i c u l t u r e and 
Economic Development, (London, 1973), p.16. 
(The t r e n d however was r e v e r s e d between 1962 and 1967 as 
p r o d u c t i o n a t c o n s t a n t p r i c e s i n c r e a s e d from L.D. 17.3 t o 
21.0 m i l l i o n . That r e v e r s a l was due t o the i n t e n s i f i e d 
e f f o r t s t o d i v e r s i f y and t o upgrade t h e e f f i c i e n c y o f a g r i c u l t u r e 
p r o d u c t i o n , t h i s i n t u r n made necessary by t h e r i s i n g dependence 
on f o o d i m p o r t s . As from 1969 a new income t a x law was decreed 
which gave a g r i c u l t u r a l employees and t h e a g r i c u l t u r e s e c t o r 
c o n s i d e r a b l e exemptions f r o m income t a x payment. Al s o were 
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es t a b l i s h e d loans and subsidies to farmers t o modernize t h e i r 
production methods and buy a g r i c u l t u r a l machinery, or d i g 
we l l s and develop i r r i g a t i o n , and t o breed pedigree animals 
such as F r i e s i a n cows, which were imported and sold at 
h a l f p r i c e , e tc. 
Furthermore, Five year plan (1963-1968) investment 
a l l o c a t i o n s were introduced i n an attempt to rescue a g r i c u l t u r e , 
as shown i n Table No. 1.6. 
TABLE NO. 1.6 Five Year Plan 1963 - 1968 - Summary 
Programme f o r A g r i c u l t u r e 
P r o j e c t Estimated Cost 000 L.D. 
1. A g r i c u l t u r e settlement 10,000 
2. " marketing 3,500 
3. Development of water resources and 
s o i l conservation 3,500 
4. Heavy and l i g h t a g r i c u l t u r e machinery 2,500 
5. Forest and range development 2,000 
6. Animal h e a l t h development 1,500 
7. A g r i c u l t u r e extension 800 
8. H o r t i c u l t u r e 500 
9 . Plant disease and pest c o n t r o l 400 
10. A g r i c u l t u r a l research and experiment 700 
11. A g r i c u l t u r e s t a t i s t i c s 75 
12. A g r i c u l t u r e c r e d i t 3,800 
Total 29,275 
Source:- Kingdom o f Libya, Five-year Economic and Social 
Development Plan, 196 3-1968 
( T r i p o l i , 1968), p.11. 
From o i l discovery onward there was no looking back; 
production rose from less than a m i l l i o n tons i n 1961 t o over 
125 m i l l i o n i n 1969 and revenues exceeded L.D. 270 mn. 
Libya became the t h i r d l a r g e s t producing country i n 
the Middle East, the s i x t h i n the world. Per c a p i t a income 
increased ten or twelve times, roads and a i r l i n e s spread 
across the country l i n k i n g i t together, schools and school 
enrolment increased very r a p i d l y , and the main centres of 
the country became hives of b u s t l i n g a c t i v i t y . Since 
the base of economy, before o i l , was a g r i c u l t u r e , i t was n a t u r a l 
t h a t the economic impact o f o i l would be f e l t most acutely 
i n t h a t sector. 
There was a lack of e s s e n t i a l t e c h n i c a l and economic 
data needed f o r the f o r m u l a t i o n of adequate a g r i c u l t u r e 
development p r o j e c t s . Shortage of t e c h n i c a l know-how, as 
w e l l as the lack o f adequate government machinery t o formulate 
and execute co-ordinated n a t i o n a l a g r i c u l t u r e plans which 
made i t extremely d i f f i c u l t t o progress q u i c k l y i n t h a t 
d i r e c t i o n . However, a s t a r t was made and some progress 
was achieved i n i n t r o d u c i n g the e s s e n t i a l elements o f modern 
f 16") 
a g r i c u l t u r e among the r u r a l p e o p l e . J 
Since 1970 the a g r i c u l t u r e development sector has 
received considerable sums o f investment as shown i n 
Table No. 1.7 and the green r e v o l u t i o n through t u r n i n g 
conventional a g r i c u l t u r e i n t o modern and mechanised farming 
was announced. v J 
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Table No. 1.7. C a p i t a l A l l o c a t i o n f o r A g r i c u l t u r e 
Year Ordinary Development Remark 
1970/71 6.7 23.4 L.D. M i l l i o n 
1971/72 7.4 47.9 
1972/73 8.9 
A g r i c u l t u r e 
and Agrarian 
Reform* 
63. 2 
I n t e g r a l 
A g r i c u l t u r a l 
Development 
1973/75 244,400 326,145 L.D.Thousands 
1975 103,700 131,000 
1976 111,586 226,840 
1977 104,110 176,050 
1978 109,000 227,600 
Source:- Mclachlan, K.S. Petroleum and Development i n Libya, 
U n i v e r s i t y of Durham (February 1978) 
From October 10th 1972 ^  } onwards the r e s p o n s i b i l i t y 
f o r the development of a g r i c u l t u r e i n Libya l a y mainly w i t h 
two main types of agency. F i r s t , the Council of I n t e g r a t e d 
A g r i c u l t u r a l Development, which since December 1978 i s 
c a l l e d the S e c r e t a r i a t f o r Land Reclamation and Settlement 
i s responsible f o r the survey of land, water and other n a t u r a l 
resources f o r a g r i c u l t u r e , f o r conservation, f o r the 
s e l e c t i o n of s p e c i f i c areas f o r a g r i c u l t u r a l development and 
f o r the f i r s t phase of development implementation i n c l u d i n g 
* Established i n January 1970 ; t o replace the M i n i s t r y 
o f A g r i c u l t u r e , F orestry, Hunting and F i s h i n g . 
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basic a g r i c u l t u r a l i n f r a s t r u c t u r e . 
Secondly, the M i n i s t r y of A g r i c u l t u r e and Agrarian 
Reform, which since December 1978 i s c a l l e d the S e c r e t a r i a t 
of A g r i c u l t u r e , i s responsible f o r the improvement of e x i s t i n g 
a g r i c u l t u r e and f o r the production phase of p r o j e c t s e s t a b l i s h e d 
by the S e c r e t a r i a t f o r Land Reclamation and Settlement. The 
d e t a i l e d o b j e c t i v e s of these two S e c r e t a r i a t s can be summarized 
as f o l l o w s : -
Objectives of the S e c r e t a r i a t f o r Land Reclamation and 
Settlement are '-21-' : " 
1. P r o t e c t i o n o f n a t u r a l resources against erosion and 
damage. 
2. Improving pastures. 
3. E x p l o i t a t i o n of a v a i l a b l e surface and underground water. 
4. E x p l o i t a t i o n of arable land i n order to create s e t t l e d 
communities, t h i s includes the f o l l o w i n g : -
1) I d e n t i f y i n g , studying and adopting of areas 
f o r implementation. 
2) Land reclamation and development. 
3) B u i l d i n g farmers' houses. 
4) D r i l l i n g production w e l l s and dam c o n s t r u c t i o n . 
5) Construction of i r r i g a t i o n and drainage canals. 
6) Paved roads. 
7) P l a n t i n g f r u i t t r e e s . 
8) P l a n t i n g windbreaks and f o r e s t r y . 
9) Farmers' t r a i n i n g 
There are f i v e regions of a g r i c u l t u r e development i n 
Libya (Table No. 1.8) which are being operated by the 
S e c r e t a r i a t f o r Land Reclamation and Settlement. 
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TABLE NO. 1.8 Regions of A g r i c u l t u r e Development 
i n Libya 
Region of Development 
C u l t i v a t e d area/ha. 
I r r i g a t e d Fallow 
The Gefara p l a i n 
Jabal Akhdar 
Fezzan, Sebha 
Kufra and S a r i r 
S o l o l Khdar 
2 2,898 
25,215 
2 7,280 
49,900 
29,8 50 
90,472 
172,599 
18,802 
Total 155,143 281873 
1 
Source:- Arab League, The Arab N u t r i e n t Security Plans, 
(Khartoum 1980), p.1291. • 
Fig. No. 1.1 i n d i c a t e s the development of the a g r i c u l t u r e 
sector i n these f i v e regions, during the plan 1976-1980. 
(22) 
4 
5, 
Objectives of the S e c r e t a r i a t of A g r i c u l t u r e 
Issuing a g r i c u l t u r a l acts and l e g i s l a t i o n . 
E s t a b l i s h i n g a g r i c u l t u r a l banks and a g r i c u l t u r a l 
co-operative s o c i e t i e s . 
Improving seed s t r a i n s of cereal crops, vegetables, 
f r u i t t r e e s , and animal husbandry i . e . c a t t l e , p o u l t r y , 
sheep, and bees which are s u i t a b l e f o r the areas and 
have a high y i e l d . 
Extension and services f o r p l a n t and animal p r o d u c t i o n . 
Plans f o r p l a n t and animal p r o t e c t i o n i . e . disease and 
pest c o n t r o l . 
Mechanization of a g r i c u l t u r e . Carrying out the ag r a r i a n 
r e f o r m works through The General A d m i n i s t r a t i o n f o r 
Fig I I A G R I C U L T U R E S E C T O R D E V E L O P M E N T , L IBYA, 1976-1980 
Mediterranean Sea Tripoli 
E l Homms 
Misurata 
TAUORGA Benghazi G e f a r a 
P la in J a b a l 
A k h d a r 
r B n • 
S o l o l 
K h d a r 
, Ghdames 
Gaghboub Sokna M a r a d a h 0 • Awgila 
Hunn 
, A lgufra 
E d d r i . - — - — i 
Sebha # ' 
v S a n r 
O b a r i * " 
L Merzek 
"* / * G h a t 
Alkatron 
Kufra 
• Irrigated Pro jec ts 
B Semi Irrigated Projects 
• Fallow Projects 
P a v e d Roads 
R o a d s Under Const ruc t ion 
Source: Libyan Ministry of Planninq,TheSocio-Economic Transference Plan, 1976-1980 (Tripoli, 1976) 
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Agrarian Reform es t a b l i s h e d on February, 5th, 1974. J 
7. T r a i n i n g the farmers how to use and maintain a g r i c u l t u r e 
machinery and g i v i n g import permits. 
8. Importing of r e q u i r e d cereals and fodder. 
9. Carrying out the s c i e n t i f i c a g r i c u l t u r e research 
through The A g r i c u l t u r e Research Centre, e s t a b l i s h e d 
i n 1 9 7 1 . ( 2 4 ) 
In general terms, t h e r e f o r e , we have t o note t h a t 
o b j e c t i v e s of any development p r o j e c t since October 10th, 1972 
are l a i d down by the S e c r e t a r i a t f o r Land Reclamation and 
Settlement but the production r e s p o n s i b i l i t y becomes t h a t of 
the S e c r e t a r i a t of A g r i c u l t u r e . 
I n the case of Tauorga, the p r o j e c t o b j e c t i v e s (see p. 154) 
were f i r s t e s t a b l i s h e d during the 1960's under the then 
M i n i s t r y o f A g r i c u l t u r e , Forestry, Hunting and Fis h i n g . The 
sequence of subsequent operations at Tauorga i s described i n 
Chapter 2. 
As f a r as farming finance i n Libya i s concerned, 
a g r i c u l t u r a l banks and other i n s t i t u t i o n s have been e s t a b l i s h e d 
i n order t o subsidise and support the a g r i c u l t u r a l sector, as 
a step to promote t h i s sector towards progress. N a t i o n a l l y 
the s i t u a t i o n i s as f o l l o w s : -
A g r i c u l t u r e Banks 
A g r i c u l t u r a l banks are one of the a g r i c u l t u r a l finance 
i n s t i t u t i o n s i n Libya which supply the necessary f a c i l i t i e s 
both f o r the farmers and f o r the a g r i c u l t u r e co-operative 
s o c i e t i e s i n the form o f i n t e r e s t f r e e loans and subsidies. 
There are three types of loan:-
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I . Short term loans 
To make a v a i l a b l e seeds, f e r t i l i z e r s , chemicals, f u e l 
employment of labour, p o u l t r y farming and bee-keeping. 
The farmer has t o pay back the loan w i t h i n a year. 
r 2 6) 
I I . Medium term loans^ } 
This type of loan i s given f o r buying a g r i c u l t u r e 
machinery such as t r a c t o r s , ploughs, engines, generators, 
pumps, pipes, seed d r i l l s and harvesters, e t c . Also d a i r y 
c a t t l e , bees and equipment, i n c l u d i n g trucks ( f o r the 
co-operative s o c i e t i e s ) . 
The farmer has t o pay back the loan w i t h i n four years, 
but w i t h i n f i v e years f o r the co-operative s o c i e t i e s . 
f 27") 
I I I . Long term loans'- 1 
This type i s given f o r e s t a b l i s h i n g , developing or 
completing farm schemes, i n c l u d i n g d r i l l i n g w e l l s , canals 
and r e s e r v o i r c o n s t r u c t i o n ; c o n s t r u c t i o n of granaries, 
farm fencing; t r e e c u l t i v a t i o n ; l e v e l l i n g and preparing the 
s o i l ; e s t a b l i s h i n g p o u l t r y farms e i t h e r f o r meat or eggs. 
The farmers have to pay back the loan w i t h i n f i f t e e n 
years s t a r t i n g from the s i x t h year of loan but w i t h p o u l t r y 
f o r meat s t a r t i n g a f t e r the second year of the loan and 
w i t h p o u l t r y f o r eggs a f t e r two and a h a l f years of the 
loan i . e . twice y e a r l y instalments. 
Table No. 1.9 shows the amount of Libyan Dinars 
and number of farmers i n v o l v e d i n these loans. 
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TABLE NO. 1.9 
Period from 1.9 .1969-31.7.1976 
Type of Loan L.D. No.of farmers 
loaned 
Short term loan 25,151160 121,454 
Medium term loan 21629,016 37,088 
Long term loan 19,289,664 13652 
Source:- Libyan M i n i s t r y of A g r i c u l t u r e and Agrarian Reform, 
Achievement o f the Revolution, Sept. 1969 - Sept.1976, 
( T r i p o l i ) , pp.178-182. 
The Government knows t h a t the farmer i s too weak t o 
stand on h i s own fe e t unless he i s supported. So the Government 
has subsidised the farmer as shown i n Table No. 1.10. 
TABLE NO.1.10 Governmental Subsidies, August 1970 - 30 June 
Type of Subsidy L.D. 
Chemical f e r t i l i z e r s 9,573,914 
Chemical Pe s t i c i d e 214,710 
Fodder 33,19Q4 58 
A g r i c u l t u r a l Machinery 14,079,607 
E l e c t r i c i t y supply f o r farms and 2,2 71,940 
farmhouses 
Hydro p r o j e c t s 3,415,573 
Farmers' grape marketing 23,816 
Bee equipment 143,123 
Fencing and roads 164,271 
Total 63,077,412 
Source:- Libyan M i n i s t r y of A g r i c u l t u r e and Agrarian Reform, 
Achievement o f the r e v o l u t i o n , Sept. 1969-Sept.l976, 
( T r i p o l i , 1^76), p.184. 
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The M i n i s t r y of A g r i c u l t u r e and Agrarian Reform issued 
an Act No. 47 f o r the year 1971 i n which a l l farmers a l l 
over the Republic have t o be members o f a g r i c u l t u r e co-
operative s o c i e t i e s . The so c i e t y haffl to supply the f o l l o w i n g 
f o r i t s members:-
1. F e r t i l i z e r s , seeds, fodder and a g r i c u l t u r a l machinery. 
2. Machinery services such as l e v e l l i n g , ploughing and 
ha r v e s t i n g . 
3. F a c i l i t a t i n g the securing of loans and a g r i c u l t u r a l support 
from the a g r i c u l t u r a l banks. 
4. Marketing the a g r i c u l t u r e p roduction. 
5. E s t a b l i s h i n g workshops f o r maintaining the machines. 
The f o l l o w i n g Table No. 1.11 shows the number of the 
a g r i c u l t u r a l co-operative s o c i e t i e s :-
TABLE NO. 1.11 Number o f A g r i c u l t u r a l Co-operative S o c i e t i e s 
Year No. Remarks 
1965 83 
1966 90 
1967 98 
1968 111 
1969 41 The reason f o r decline i n the 
1970 90 numbers i s t h a t any so c i e t y 
1971 74 unable t o provide services 
1972 74 f o r i t s members had to 
1973 91 be disbanded. 
1974 159 
1975 179 
1976 190 
Source:- Libyan M i n i s t r y of A g r i c u l t u r e and Agrarian Reform, 
Achievement of the r e v o l u t i o n , Sept. 1969-Sept.1976. 
( T r i p o l i , 1976), p.15. 
The background t o a g r i c u l t u r a l p r o j e c t development has 
been described b r i e f l y i n t h i s i n t r o d u c t o r y s e c t i o n . I n 
p a r t i c u l a r , we have t o note t h a t since the e a r l y 1960's 
revenue from o i l production and export made planned government 
investment i n a g r i c u l t u r e on a large scale t h e o r e t i c a l l y 
p o s s i b l e . However, i t was not u n t i l the d e t e r i o r a t i o n i n the 
status of a g r i c u l t u r e , which r e s u l t e d from the vast expansion 
of o i l income, imports and even more r a p i d u r b a n i s a t i o n t h a t 
major a t t e n t i o n was paid to large scale r u r a l development. 
This has accelerated during the 1970*s w i t h the f o r m u l a t i o n 
of p o l i c i e s attempting t o l i m i t the volume of o i l production 
and encouraging c e n t r a l i s e d s t a t e - p l a n n i n g of other resource 
e x p l o i t a t i o n . 
Out of about 176 m i l l i o n ha. of the t o t a l area of 
Libya, there are about 3.8 m i l l i o n ha. arable land, i . e . 
2.1591, but only 1.8 m i l l i o n ha. are under c u l t i v a t i o n 
i . e . 1.215 m i l l i o n ha. depend on r a i n f a l l and 155,000 ha. 
f 281 
under i r r i g a t i o n . } Only 4.071 of the arable land i s 
under i r r i g a t i o n and consequently the Tauorga p r o j e c t share 
i s approximately 0.0781. 
The Tauorga p r o j e c t , f i r s t conceived during the 
e a r l y 1960's i s now p a r t of t h i s contemporary approach. I n 
b r i e f , the main o b j e c t i v e s of what became the Tauorga 
Agrarian Reform P r o j e c t , are as f o l l o w s : -
1. The reclamation of a net 2283 ha. of u n u t i l i s e d land and 
i t s conversion to i r r i g a t e d land, t h i s to be d i v i d e d i n t o 
300 farms f o r d i s t r i b u t i n g t o f a r m e r - s e t t l e r s . This d i s t r i b -
u t i o n to be c a r r i e d out when blocks o f reclaimed land are 
judged to be i n a p h y s i c a l c o n d i t i o n s u i t a b l e f o r c u l t i v a t i o n 
according t o the High Planning Council recommendations. 
2. To develop the socio-economic and c u l t u r a l l i f e of the 
r u r a l s o c i e t y i n the r e g i o n . 
3. The p a r t i c i p a t i o n i n i n c r e a s i n g the flow of a g r i c u l t u r a l 
products t o the n a t i o n a l market. 
More d e t a i l e d c o n s i d e r a t i o n of p r o j e c t o b j e c t i v e s , and 
the r e l a t i o n s h i p between these and p r o j e c t implementation, 
i s given i n Chapter Five. 
1.2 Thesis Objective 
I n t h i s t h e s i s the f i r s t aim i s t o i n v e s t i g a t e the 
progress o f the Tauorga Agrarian Reform Pr o j e c t so as t o 
i d e n t i f y t e c h n i c a l or other problems which hindered t h a t 
progress. Secondly, t o examine and c l a s s i f y the nature o f 
these problems so as t o derive from analysis some p r i n c i p l e s 
of and approaches to e v a l u a t i n g p r o j e c t progress at Tauorga. 
T h i r d l y , t o apply such approaches t o other analogous p r o j e c t s 
i n order t o t e s t t h e i r more general v a l i d i t y . L a s t l y , t o 
explore the p o s s i b i l i t y o f b u i l d i n g such approaches i n t o the 
development process w i t h the aim of improving development 
r e s u l t s . 
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C H A P T E R TWO 
TAUORGA AGRARIAN REFORM PROJECT 
2.1o Location and General D e s c r i p t i o n o f the P r o j e c t area. CD 
The i r r i g a t i o n area of Tauorga Agrarian Reform p r o j e c t 
s t retches along the M i s u r a t a - S i r t main road, between the 
coast a l ranges and the Bay of S i r t , F ig. No.2 .1 .1 . 
I t l i e s n early 35 km. away from the coast of the 
Mediterranean Sea and approximately 10-20 m. above sea l e v e l . 
Of the 8 ,000 ha. f i r s t surveyed i n 1960 only the best 
3 ,000 ha. of arable land was chosen f o r i r r i g a t i o n , i n 
approximately a square area (see F i g . 3 . 2 . 1 ) . The gross area 
of the p r o j e c t included a planned net area of a g r i c u l t u r a l 
land, of 2 ,284 ha. 
The p r o j e c t area, layout and subdivisions are shown 
i n F i g . No. 2 .12. The p r o j e c t i s subdivided i n t o Areas, Hoshas, 
Katas and Djosas. 
The Areas, t h e i r size and the Hoshas they cover are:-
Area West 
Area West west 
Area Wadis 
Area East 
Area North of 
East 
Area South 
486 ha., Hoshas 1 
443 ha. 
222 ha. 
605 ha. 
114 ha. 
414 ha. 
8 - 1 4 
15 - 17 
18 - 25 
26 - 28 
29 - 32 
I n these areas there are 3 2 Hoshas which are as f o l l o w s : -
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Hosha No. Size i n ha. Hosha No. Size i n ha. 
1 63.2 17 61.8 
2 105.5 18 105.5 
3 77.9 19 53.0 
4 75.6 20 98.0 
5 75.3 21 97.3 
6 54.4 22 79.5 
7 30.1 23 66.8 
8 95.3 24 67.1 
9 66.5 25 39.2 
10 69.5 26 34.7 
11 78.1 27 40.8 
12 31.6 28 38.9 
13 58.1 29 45.1 
14 44.4 30 117.3 
15 101.9 31 109.5 
16 58.8 32 142.7 
The Hoshas are subdivided i n t o Katas and Djosas. I n the 
e n t i r e p r o j e c t there are 389 Katas and 1,825 Djosas w i t h an 
average size of the l a t t e r of 1.25 ha. 
2.2. O u t l i n e H i s t o r y of the P r o j e c t 
The springs of Tauorga have been known f o r centuries 
but much of t h e i r water ran u n c o n t r o l l e d t o Sebkha except f o r 
a small p a r t , which i s used by Tauorga oasis. 
The remarkable p o t e n t i a l of these great springs, perhaps 
the l a r g e s t i n Libya ; (see pp 62-65), has indeed a t t r a c t e d 
the i n t e r e s t of both a d m i n i s t r a t o r s and a g r i c u l t u r a l i s t s . 
However, i t was not u n t i l 1917 t h a t i t was decided to make 
organized use of the water. 
That i n t e r e s t culminated i n the i n c e p t i o n of the I t a l i a n 
p r o j e c t 6'f 1938 designed to i r r i g a t e a considerable area o f 
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the order o f 2,000 ha. Fig.2.2.1., s i t u a t e d west of the Misurata-
f 3") 
S i r t main road. v } Two main f a c t o r s operated against the 
implementation of t h i s p r o j e c t : ^ 
1. The discovery and e x p l o i t a t i o n of a r t e s i a n a q u i f e r s 
at Tammina and El Kararim, i n areas which were considered t o 
have superior development p o t e n t i a l s . 
2. The i n t e r v e n t i o n of the Second World War. 
Today these o r i g i n a l i r r i g a t i o n works at Tauorga l i e d e r e l i c t and 
the area i s given over to the grazing of l i v e s t o c k and the 
s h i f t i n g c u l t i v a t i o n of cereals. 
I n 1957 an experimental farm of 40 ha. was es t a b l i s h e d 
by the M i n i s t r y of A g r i c u l t u r e . F i e l d t r i a l s were c a r r i e d 
out there from 1962 u n t i l 1967 so as to assess the f e a s i b i l i t y 
of s a l t t o l e r a n t crops by a team of s p e c i a l i s t s from T a i w a n . ^ 
On August 25, 1960 a team from the Department of 
Geography, Durham U n i v e r s i t y , Durham, U.K. a r r i v e d i n Libya and, 
through the Libyan-American J o i n t Program, c a r r i e d out an 
i n v e s t i g a t i o n i n the Tauorga area. ^ A reconnaissance 
survey was made of the s o i l and water to determine the area 
s u i t a b l e f o r a g r i c u l t u r e development and r e s u l t e d i n the 
p u b l i c a t i o n of two re p o r t s i n 1960 and 1961, Fig. 2.2.2. 
In spring 1965 the M i n i s t r y of A g r i c u l t u r e asked 
WAKUTI KG - 59 Siegen, West Germany t o undertake f u r t h e r 
study t o determine the p a r t s of the p r o j e c t s u i t a b l e f o r 
a g r i c u l t u r e . Following these, a r e p o r t was submitted together 
w i t h designs of t h e i r proposed p r o j e c t , at the end of the 
(7) 
same year. v J 
Fig 2.2.1 TAUORGA AND SURROUNDING AREAS 
inabi ted a r e a s 
M 
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Fig 2.2.2 TAUORGA AREA IN 1960 
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I n Spring 1970 the Libyan Government asked the Egyptian 
General A u t h o r i t y f o r U t i l i s a t i o n and Development of 
Reclaimed land - GAUDRL - t o c a r r y out a d d i t i o n a l s t u d i e s . 
Based on these studies the Egyptian Boheira Company re-designed 
the p r o j e c t . ^ I n August of the same year (8.8.1970) Boheira 
was given the c o n t r a c t by the M i n i s t r y o f A g r i c u l t u r e and 
Agrarian Reform t o b u i l d the p r o j e c t . *• •* 
The main c o n t r a c t o r Messrs. Boheira Co., brought i n the 
Egyptian f i r m , Messrs. Hassan Allam Co., which was placed 
w i t h the execution of a l l p a r t s of the c e n t r a l v i l l a g e , the 
e r e c t i o n of the pumping s t a t i o n s and the execution of a l l 
asphalt roads as subcontractor. 
The German f i r m s KSB and Siemens were given contracts 
f o r the supply and i n s t a l l a t i o n o f mechanical and e l e c t r i c a l 
equipment as subcontractors, w i t h regard to pumping s t a t i o n s 
and r e s e r v o i r s only. 
The t o t a l o r i g i n a l value o f the c o n t r a c t i n November 
1970 amounted t o approximately L.D. 7,000,000 (- 1 2^ d i v i d e d i n t o : -
a) General works L.D. 2.1 m i l l i o n s 
b) Reformation works L.D. 3.9 11 
c) Central V i l l a g e L.D. 1.0 " 
The value of the c o n t r a c t increased by the end of 19 73 
t o a t o t a l of approximately 8,300,000. ^ 1 3^ 
The c o n s t r u c t i o n p e r i o d (see pp209-21} was t o be 2 years, 
s t a r t i n g i n November 19 70; however, the a c t u a l execution period 
A A 7. (14) 
exceeded 3 years. J 
I n March 19 72 WAKUTI KG was contracted f o r the super-
v i s i o n of Boheira's a c t i v i t i e s . The development programme f o r 
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Tauorga p r o j e c t was to be implemented i n three phases : - ^ ^ 
F i r s t phase - Included s t u d i e s . 
Second phase - was d i v i d e d i n t o 2 stages:-
A. F i r s t Stage included c i v i l works; l e v e l l i n g of 
land, c o n s t r u c t i o n of the c e n t r a l v i l l a g e , 
pumping s t a t i o n s and water supply, s e t t l e r s ' 
homes, drainage and i r r i g a t i o n systems, e t c . 
B. Second Stage represents a g r i c u l t u r a l stage; leaching, 
reclamatory c u l t i v a t i o n and other aspects such as 
the p l a n t i n g of i n t e r n a l wind breaks. 
T h i r d phase - represents production and marketing. 
The f i r s t phase of the p r o j e c t was completed by 
i n c l u d i n g studies of the proposed development area i n c l u d i n g 
i ) Analysing Tauorga Spring water 
i i ) Measuring the ra t e discharge of the spring 
i i i ) Analysing s o i l samples i n a t o t a l area of 8,000 ha. 
and s e l e c t i n g the best 3,000 ha. 
i v ) Planning of the p r o j e c t . 
By the end of 1973 the second phase - Stage 1, c o n s t r u c t i o n 
was, b a s i c a l l y , completed; t h i s included the c e n t r a l v i l l a g e , 
i r r i g a t i o n system, drainage system, surveying works, e a r t h 
works and p l a n t i n g of the outer wind-breaks. However, the 
c o n s t r u c t i o n of houses f o r the p r o j e c t e d 300 s e t t l e r s ' f a m i l i e s 
was not completed (see p , 152 ) . By the beginning of 1974 the 
Second phase - Stage 2 which includes leaching, reclamatory 
c u l t i v a t i o n and other aspects was i n i t i a t e d by the Land 
Reclamation A u t h o r i t y of the Libyan Government. However, t h i s 
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d i d not continue f o r long and i n March 1974 these works 
of the Tauorga Agrarian Reform p r o j e c t were handed over to 
the General Company For Marketing and A g r i c u l t u r e Production 
GCMAP. This company i s wholly owned by the Libyan Government 
f 17") 
and e s t a b l i s h e d according t o Act No.94, 1973 to serve 
as executive agency f o r a range of economic m a t t e r s . The 
work i s supervised by a committee c a l l e d The Tauorga P r o j e c t 
Supervision Committee - TPSC. This committee, inaugurated 
by the General A d m i n i s t r a t i v e For Agrarian Reform* was 
established on the 5th February 1974. ^ 1 8- ) 
I n March 1975 WAKUTI was asked by the M i n i s t r y of 
A g r i c u l t u r e and Agrarian Reform to r e t u r n to supervise the 
a c t i v i t i e s of the company f o r a p e r i o d of two years ending 
on 15th March, 1977 and open to extension, i f necessary. 
Thus the o v e r a l l management of the Second phase -
Stage 2 was c a r r i e d out by the executive r e s p o n s i b i l i t y of the 
GCMAP under the sup e r v i s i o n o f the TPSC, w i t h WAKUTI a c t i n g as 
consultants. On the other hand a l l the maintenance works i n the 
p r o j e c t have t o be executed by the TPSC and supervised by WAKUTI. 
As we s h a l l see, Phase 2, Stage 2 - work, land p r e p a r a t i o n , was 
also not completed and Phase 3 has not been implemented on the 
l i n e s of the o r i g i n a l p l a n . 
* Branch of the M i n i s t r y of A g r i c u l t u r e and Agrarian Reform. 
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2.3 Population of the area 
The p o p u l a t i o n o f the Tauorga region according to the 
p r e l i m i n a r y r e s u l t s of the 1973 p o p u l a t i o n census was 8,698 
and the number of a g r i c u l t u r a l holders was 1,156 - see Table 
2.3.1. About 20% of the pop u l a t i o n i s Arabs and Mu l a t t o s , 
80% negroes c a l l e d Shushan. The average f a m i l y size 
i n Libya i s 5.8 (21) but i n the r u r a l areas such as Tauorga 
region i t i s more l i k e l y to be 8. 
Table No. 2.5.1 Population of the Tauorga Region 
Number of 
House-
holds 
Number of Persons 
Males Females T o t a l 
Number of 
A g r i c u l -
t u r a l 
holders 
Wadi 
Magas 
Wadi 
Azrak 
Wadi 
Chayzwan 
426 
335 
586 
2,142 
960 
1, 527 
1,452 
1,058 
1, 559 
3,594 
2,018 
3,086 
373 
302 
481 
T o t a l 1,347 4,629 4,069 8,698 1,156 
Source: Libyan M i n i s t r y of Planning, 
Population Census (P r e l i m i n a r y r e s u l t s ) 
T r i p o l i , 1973, p.35. 
The dominance of a g r i c u l t u r e , at l e a s t of landholding, i n 
economic a c t i v i t y i s also shown i n the above t a b l e . 
U n f o r t u n a t e l y , data about the Tauorga r e g i o n , i n 
i s o l a t i o n , are not a v a i l a b l e , but w i l l be e x t r a p o l a t e d 
from the Misurata province(Mohafada)data as i t does cover 
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the Tauorga region because the l a t t e r i s ( M u d i r i a ) o f t h i s 
province. 
Table No .2,3„2records the changes which have taken 
place between 1954 and 1973. Thus the pop u l a t i o n censuses 
of the province from the 1954, 1964 and 1973 f i g u r e s gave 
t o t a l s of 108,000, 130,000 and 178,000 r e s p e c t i v e l y , which 
gives a corresponding density of 73, 88 and 120 persons 
per 100 km r e s p e c t i v e l y . The r a t e of po p u l a t i o n increase 
i n Misurata province was 20.41 during the 10 year p e r i o d 
1954-1964, and 36.9% during the 9 year p e r i o d 1964-1973. 
The sex r a t i o n (males per 100 females) i s 109.05 and 108.69 
according to the 1964 and 1973 census r e s p e c t i v e l y . 
A l l the f u t u r e farmers o f Tauorga region are Moslems; 
thus a male might be married to up to 4 wives. Table No.2.3.3 
i n d i c a t e s the number of males married t o one, two, three 
and f o u r wives i n Misurata province(Mohafada)and the r e s t of 
Mohafadat i n Libya. The relevance of t h i s here i s the 
large number o f sons and daughters whom a male w i l l leave 
a f t e r h i s death and so r a i s i n g problems of i n h e r i t a n c e , 
and of land d i v i s i o n . Out of 60,807 married persons i n 
1973 there were 6,290 divorced, c o n s i s t i n g of 676 males and 
5,614 females as shown i n Table No. 2.3.4. 
What concerns the present t h e s i s i s the greater 
l i k e l i h o o d of males r a t h e r than females remarried a f t e r divorce 
since under Islamic Law a divorced female w i l l not i n h e r i t 
from her husband, but h i s sons and daughters by t h i s divorced 
female w i l l i n h e r i t from him. 
The r e l a t i o n s h i p i n the Tauorga region between popul-
a t i o n s i z e , p o t e n t i a l labour force and numerical demand 
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Table No. 2.3.3 D i s t r i b u t i o n o f Libyan m a r r i e d males 
according t o the number of_ wives i n 
each Mohafada . 1973. 
f 
Number of wives i n coverture 
Mohafada 1 2 3 4 To t a l of 
married 
males 
Derna 16,657 874 51 2 17,584 
Gebel 
Akdhar 
18,617 770 39 - 19,426 
Ben-
ghazi 
44,618 1,781 90 19 46,508 
El 
K a l i g 
16,617 713 41 6 17,377 
Misur-
ata 
29,346 655 13 2 30,016 
Horns 28,396 786 21 2 29,205 
T r i p -
o l i 
103,228 2,474 110 21 105,833 
Zawia 38,444 1,166 34 4 39,648 
Ghar-
ian 
25,226 653 15 2 25,896 
Sebha 15,437 1,216 78 8 16,739 
No 336,586 11,088 492 66 348,23 2 
T o t a l 
0 
0 96.7 3.2 0.1 - 100 
Libyan S e c r e t a r i a t o f P l a n n i n g - General P o p u l a t i o n 
Census - Summarized data 1973, ( T r i p o l i , n . d . ) , 
p. 28.. 
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f o r land or f o r jobs i n the p r o j e c t was never studied i n 
d e t a i l and the numerical changes which have occurred, i n c l u d i n g 
those by m i g r a t i o n , are not known. The general background 
of low incomes and under-employment i n the region was assumed 
to j u s t i f y a b e l i e f t h a t s e t t l e r s and labourers could be 
found f o r the p r o j e c t . This i s examined f u r t h e r i n Chapter Four. 
2.4. Land Use 
P r i o r t o the development p r o j e c t , the u t i l i z a t i o n o f 
the area was dominantly p a s t o r a l , supporting a t a low capacity 
(22) a 
l e v e l the camels and sheep of the passing bedouins, and 
the i n h a b i t a n t s of the nearby oasis which l a y a few kilometres 
east of the area. 
I n the p r o j e c t area small-scale extensive s h i f t i n g 
c u l t i v a t i o n was p r a c t i s e d i n Wadi G i l g e l and Wadi e l 
Hauat F i g . 2.2.1 Also the area supplies the i n h a b i t a n t s 
f 231 
w i t h firewood. v } North and west of Tauorga, hummocks are 
found over extensive areas which vary i n height from a few 
(241 
centimetres t o more than 2 metres. v J The hummocks are 
composed of blown sand, sometimes w i t h a weak s t r u c t u r e and 
capped by bush v e g e t a t i o n , and o f t e n separated by a surface 
of hardened sand. They are o f t e n used as quarries f o r 
(25) 
indurated b u i l d i n g m a t e r i a l . J Most of the b u i l d i n g s i n 
the oasis are constructed i n p a r t from these massive s a l t 
formations. 
The i n h a b i t a n t s i n the oasis u t i l i z e only a small 
f r a c t i o n (see p. 64 ) of the water a v a i l a b l e , w i t h the 
greater p r o p o r t i o n meandering through the m a l a r i a l and snake 
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i n f e s t e d swamps, and the reed-choked channels o f the o a s i s 
t o be l o s t i n the s a l t marshes or sebkha o f the coast where 
reeds P o r t u l a c a o l e r a c e a grow which are worked i n t o r u s h -
mats by the i n h a b i t a n t s . Between about 95,000 and 100,000 ^ 
palm t r e e s are growing i n the o a s i s , and i t i s these which 
form t he main resources s u p p l y i n g the d i f f e r e n t items i n the 
f a m i l y income, as i s shown i n the f o l l o w i n g t a b l e : -
Table No. 2.4,1. Source o f Income, Tauorga 
Source P r o p o r t i o n i n 
percentage 
Palm c u l t i v a t i o n 40 
Reed work 25 
Crop c u l t i v a t i o n 15 
Animal husbandry 5 
A d m i n i s t r a t i o n (policemen 
& c l e r i c a l w orkers) 10 
Commercials and d r i v e r s 5 
TOTAL 100 
Source: A f t e r Ahmad,N.A., A g r a r e n t w i c k l u n g i n T r i p o l i t a n i e n , 
( H e i d e l b e r g , 1969), and M a r a s s i , A s p e t t i Economici - A g r a r i 
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F u r t h e r m o r e , t h e r e are secondary p r o d u c t s made from 
the palm t r e e l e a v e s , e.g. boxes f o r h o l d i n g d a t e s , brooms, 
(27) 
f a n s , windbreaks and fenc e s . I n a d d i t i o n t o palms, a l f a l f a , 
b a r l e y , tomato, melons and water melons are a l s o grown i n 
, i - (28) the o a s i s . 
The former I t a l i a n development area i s g i v e n over 
t o the g r a z i n g o f l i v e s t o c k and the s h i f t i n g c u l t i v a t i o n 
of c e r e a l s ; the o r i g i n a l 8 m. deep hand-dug w e l l i s now dry 
and a d r i l l e d w e l l , 665 m. deep, supplies water f o r human 
consumption. 
Approximately 1 km. south of the planned i r r i g a t i o n 
area there i s a small oasis i r r i g a t e d by a 16 m. deep dug 
w e l l . Two w e l l s , A l Quidaria, 11 m. deep and J i m i , 8 m." 
deep, at the n o r t h e r n border o f the region supply only animals 
The p r o j e c t under examination here has not involved 
any major a l t e r a t i o n i n the use of t h a t land which was 
t r a d i t i o n a l l y c u l t i v a t e d . Approximately 95% of the p r o j e c t 
area i s a net a d d i t i o n to the t o t a l area used f o r c u l t i v a t i o n 
Therefore, i n the p r o j e c t area, land use was planned e n t i r e l y 
to s u i t commercially o r i e n t e d farming and the d i c t a t e s o f a 
newly designed i r r i g a t i o n l a y o u t . 
2.5. Land tenure 
There are several types of a g r i c u l t u r a l land tenure 
i n Libya but i n t h i s t h e s i s we are only concerned w i t h two 
types: 
1. Government lands - operating under governmental company 
management:-
a) Commercial lands f o r commercial crops and 
animal products. 
b) Lands under conservation and erosion c o n t r o l . 
2. I n h a b i t a n t s ' lands -
a) T r a d i t i o n a l l y owned by i n d i v i d u a l s or groups. 
b) lands expr o p r i a t e d from the I t a l i a n s and r e - a l l o c a t e d 
t o L i b y a n i n d i v i d u a l s or groups. 
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c) Land newly r e c l a i m e d by t h e government and t h e n 
d i s t r i b u t e d t o i n h a b i t a n t s . 
Concerning the l a n d i n Tauorga r e g i o n i t i s owned by Arabs 
and M u l a t t o s . I n g e n e r a l , i n t h e pas t t h e negroes d i d n o t 
own any l a n d b u t c u l t i v a t e d t h e f i e l d s on b e h a l f o f t h e 
owners. Some o f them, however, had a l s o come t o own 
l a n d o f t h e i r own. The farm s i z e i n Tauorga r e g i o n i s v e r y 
(31) 
s m a l l , v a r y i n g between 1 ha. and 4 ha. . J The smallness 
o f t h e farm i s p a r t l y due t o t h e f a c t t h a t a l l t h e o a s i s 
i n h a b i t a n t s are Moslems and a f t e r the owner d i e s h i s w e a l t h 
i s d i v i d e d between a l l h i s h e i r s a c c o r d i n g t o a s t a n d a r d 
p r o c e d u r e . Farms are s u b - d i v i d e d a g a i n and a g a i n , w i t h 
each succeeding g e n e r a t i o n and, c o n s e q u e n t l y , t h e s i z e o f 
each h o l d i n g becomes p r o g r e s s i v e l y s m a l l e r u n t i l t h e h o l d i n g 
i s no l o n g e r a v i a b l e a g r i c u l t u r a l u n i t as shown i n F i g . No. 2.5.1, 
Th i s f i g u r e i s based on an average f a m i l y s i z e o f 8 
i n d i v i d u a l s w i t h t h e f a t h e r h o l d i n g 1,000 ha. 
Stage 1. Family - f a t h e r , w i f e , 4 sons and 2 d a u g h t e r s . 
(321 
Stage 2. On f a t h e r ' s d e a t h , farm d i v i d e d as f o l l o w s : - v 
a) g t h o f t o t a l goes t o h i s w i f e . 
b) remainder d i v i d e d between t h e c h i l d r e n , 
b u t w i t h the daughters r e c e i v i n g h a l f 
t h a t o f the sons. 
Stage 3. Farmer owning d i e s . D i v i d e d as p e r (2) 
except t h a t i n t h e absence o f d a u g h t e r s , t h e 
sons r e c e i v e e q u a l p r o p o r t i o n s o f the remainder 
a f t e r the w i f e has i n h e r i t e d Ith o f t h e t o t a l . 
Stage 4. As per Stage 2. 
Stage 5. As per Stage 3. 
Fig 2.5.1 LAND DIVISION THROUGH INHERITANCE, LIBYA 
STAGE I 
FARM SIZE lOOOha 
STAGE 2 
/ 
/ 
/ / 
/ / 
/ / 
/ / 
/ 
A. Wife 125 ha 
B. Son(i)l75ha 
C.Son(ii)l75ha 
///////////// , D.Son(iii)l75ha ' 
E.Son(iv)l75ha 
F. Daughter 87-5 ha G. Daughter 87 5ha 
\ 
\ 
\ \ 
\ \ 
STAGE 3 
\ 
\ 
\ \ 
\ \ 
\ \ 
A. Wife 
2l-9ha 
B.Son(i) 
30 6ha 
C.Son(ii) 
30 6 ha 
D.Son(iii) 
30 6ha 
////////// 
^E.Son(iv)/; 
^30-6ha^ 
////////// 
F.Son(v) 
306ha 
/ / / 
STAGE 5 / STAGE 4 
A.Wife 
0837ha 
B.Son(l) 
1172 ha 
C.Son(ii) 
1172 ha 
D.Son(iii) 
I 172ha 
E.Son(iv) 
I I72ha 
F. Son (v) 
I I72ha 
K//B.Son(i) ' I 
A.Wife 
3 82 ha 
6-70ha 
/ ' / '' C.Son(ii) 
670ha 
D.Son(iii) 
6-70ha 
E.Daugtiterti) 
3-35ha 
F. Daughter(ii) 
3 35ha 
Source - Nasr.B.A., Land tenure in Libya, in The Journal of the Geography Department, 
University of Durham, 1979 
Concerning the p r o j e c t area the s i t u a t i o n i s as 
f o l l o w s : 5% o f t h e p r o j e c t area was t r a d i t i o n a l l y owned -
l a n d t e n u r e type 2.a - and 95% o f the p r o j e c t area i s new 
l a n d under r e c l a m a t i o n t o be d i s t r i b u t e d t o i n h a b i t a n t s and 
thus may be c l a s s i f i e d as l a n d t e n u r e type 2.c. 
Government p o l i c y f o r the p r o j e c t l a i d down t h a t 
300 f a m i l i e s be s e t t l e d , r e g a r d l e s s o f whether t h e y were 
landowners a l r e a d y o r n o t , as l o n g as t h e y were r e s i d e n t s 
o f t h e Tauorga r e g i o n . I n a l l o c a t i n g * t h e new l a n d c o n s i d e r -
a t i o n was t o be g i v e n t o those who, i n t h e o p i n i o n o f t h e 
r e l e v a n t government committee, were n o t i n r e c e i p t o f 
adequate income. The M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n 
Reform awards the farms e x p r o p r i a t e d from I t a l i a n c o l o n i s t s and 
a l s o newly r e c l a i m e d t o s e t t l e r s a c c o r d i n g t o a c o n t r a c t 
f 33") 
drawn up i n accordance w i t h Law No. 123, 1970, v ' w h i c h 
has t h e f o l l o w i n g p r o v i s i o n s : -
1. The farmer has t o c u l t i v a t e and e x p l o i t t he f a r m h i m s e l f 
w i t h h i s f a m i l y and t o keep i t f e r t i l e and m a i n t a i n 
i n s t a l l a t i o n s . 
2. A farmer must t a k e steps t o educate h i m s e l f and p r o v i d e 
a c e r t i f i c a t e o f l i t e r a c y . 
3. He must have undergone t r a i n i n g i n the m i l i t i a 
muqawamah shabiyah . 
4. He must pay o f f a l l i n s t a l m e n t s f o r t h e l a n d and 
f o r i n s t a l l a t i o n s i n t h e due t i m e . 
5. No c e r t i f i c a t e o f ownership t o be i s s u e d u n l e s s a l l 
i n s t a l m e n t s are p a i d i n t h e i r e n t i r e t y - n e i t h e r t h e s e t t l e r , 
n or h i s h e i r s have the r i g h t o f d i s p o s a l b e f o r e p a y i n g o f f 
* s e l e c t i o n c r i t e r i a n o t e d on pp.149 & 150. 
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a l l i n s t a l m e n t s and 15 years e l a p s e . 
6. He must obey and f o l l o w i n s t r u c t i o n s from t h e M i n i s t r y 
of A g r i c u l t u r e and t h e a g r i c u l t u r e c o - o p e r a t i v e s o c i e t y . 
7. T h i s c o n t r a c t i s l i a b l e t o c a n c e l l a t i o n i f t h e s e t t l e r 
breaks any o f the above p r o v i s i o n s . 
C o n c l u s i o n 
Given the i n t e n d e d p a t t e r n o f la n d - u s e , h o l d i n g f r a g m e n t -
a t i o n c o u l d become a problem. F i g u r e 2.5.1 shows t h a t a f t e r 
4 s u c c e s s i v e l a n d h o l d e r deaths a f a r m o r i g i n a l l y o f 1,000 ha. 
c o u l d become 1,512 i n d i v i d u a l farms o f l e s s t h a n 1 ha; t h i s 
p roblem b e i n g more i n t e n s e i f t h e f a r m e r i s m a r r i e d t o more 
t h a n one female (see Table No.2.33or m a r r i e d t w i c e (see Table 
No. 2.3.4)This system has c r e a t e d v e r y s m a l l f r a g m e n t e d h o l d i n g s 
i n many p a r t s o f l i b y a , such as the Tauorga r e g i o n , and i n 
Gharian where 177,194 ha. i s d i v i d e d i n t o 162,839 f a r m s , ^ 3 4 ^ 
g i v i n g a v e r y s m a l l average s i z e o f f a r m 1.3 ha. These s m a l l 
f a r m s i z e s h i n d e r t h e use o f modern a g r i c u l t u r a l t e c h n i q u e s 
such as m e c h a n i s a t i o n , crop r o t a t i o n , w a t e r management schemes 
and t he p r o v i s i o n o f an e f f i c i e n t i n f r a s t r u c t u r e . The c o s t 
o f p r o d u c t i o n per u n i t i s h i g h e r on such s m a l l farms t h a n on 
l a r g e r ones where economies o f s c a l e o p e r a t e and where modern 
a g r i c u l t u r a l t e c h n i q u e s may be u t i l i z e d . 
W i t h r e s p e c t t o cla u s e 5 o f t h e l a n d a l l o c a t i o n r e g u l a t i o n , 
i t i s c l e a r t h a t a f t e r 15 y e a r s , and when t h e payments are 
completed, t h e l a n d may ag a i n be s u b - d i v i d e d so t h a t t hese modern 
farms w i l l share t h e problems o f t r a d i t i o n a l farms. I t i s 
e s s e n t i a l t h a t s u b - d i v i s i o n o f h o l d i n g s i s p r e v e n t e d , b u t t h e 
l a n d r e f o r m p o l i c y i n c l u d e d no such recommendations. The 
problems r e s u l t i n g f r o m t h e s u b - d i v i s i o n , o f c o u r s e , are 
n o t p e c u l i a r t o I s l a m i c Law, b u t have been b a s i c t o many 
t r a d i t i o n a l forms o f l a n d t e n u r e and l a n d i n h e r i t a n c e . 
The q u e s t i o n o f the degree o f independent c o n t r o l o f l a n d 
e x e r t e d by s e t t l e r s and o f t h e degree o f a b s o l u t e ownershi 
a f t e r c l a u s e 5 above a r i s i n g i n t h e f u t u r e (as i n o t h e r 
s i m i l a r p r o j e c t s ) w i l l be c o n s i d e r e d l a t e r . 
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C H A P T E R T H R E E 
PHYSICAL FACTORS 
I n t h i s c h a p t e r t he p h y s i c a l f a c t o r s i n v o l v e d i n t h e 
p r o j e c t i m p l e m e n t a t i o n w i l l be d e s c r i b e d on t h e b a s i s o f t h e 
f i r s t s t u d y phase o f t h e p r o j e c t i n v o l v i n g t h e i n v e s t i g a t i o n 
o f t e r r a i n , c l i m a t e , s o i l and wa t e r by a team from Durham 
U n i v e r s i t y , and the WAKUTI and the E g y p t i a n GAUDRL i n 1960, 1965 
and 1970 r e s p e c t i v e l y . 
The r e c o n n a i s s a n c e , i n v e s t i g a t i o n and a n a l y s i s o f such 
p h y s i c a l f a c t o r s i s a p r i m a r y s t e p which s h o u l d be c a r r i e d out 
b e f o r e a d e c i s i o n o f c o n s t r u c t i n g an a g r i c u l t u r a l p r o j e c t 
i s t a k e n . F u r t h e r , t h e c h a r a c t e r i s t i c s o f these p h y s i c a l 
f a c t o r s , f i r s t l y v e r y much i n f l u e n c e t h e s i z e , t y p e and de s i g n 
o f t h e a g r i c u l t u r a l p r o j e c t , and w i l l d i c t a t e t h e t y p e o f cro p s 
and method o f i r r i g a t i o n and d r a i n a g e systems e t c . Secondly, 
th e y w i l l d e t e r m i n e the q u a l i t y and q u a n t i t y o f o t h e r necessary 
f a c t o r s o f p r o d u c t i o n (Chapter 4 ) . T h i r d l y , as t h e y are 
e v a l u a t e d a g a i n s t t h e o t h e r p r o d u c t i o n f a c t o r s , and b o t h t o g e t h e r 
are matched a g a i n s t t h e p r o j e c t o b j e c t i v e s , t h e n i t s h o u l d be 
p o s s i b l e t o dec i d e whether t h e c o n s t r u c t i o n o f t h e p r o j e c t i s 
ec o n o m i c a l l y v i a b l e , or n o t . 
3.1 C l i m a t e 
The c h a r a c t e r i s t i c f e a t u r e s o f t h e c l i m a t e are i t s dryness 
and t h e h i g h t e m p e r a t u r e v a r i a t i o n s between day and n i g h t . The 
absence o f p r o t e c t i o n by h i g h e r mountains exposes t h e l a n d t o 
atmospheric i n f l u e n c e s from t h e M e d i t e r r a n e a n Sea and a l s o 
from the d e s e r t . ^ As w e l l as b e i n g s e a s o n a l , p r e c i p i t a t i o n 
occurs o n l y i n s h o r t , sudden bursts, and e v a p o r a t i o n i s g r e a t e r 
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than p r e c i p i t a t i o n . 
I n w i n t e r t h e t e m p e r a t u r e f a l l s t o f r e e z i n g p o i n t w h i l s t 
i n summer, maximum te m p e r a t u r e s o f 40°-42°C are not i n f r e q u e n t . ^ ^ 
A h i g h l y p e c u l i a r and u n p l e a s a n t c l i m a t i c phenomenon i s G h i b l i , 
a h o t d r y d e s e r t wind from s o u t h - e a s t t o south-west c a r r y i n g 
f i n e sand, e s p e c i a l l y d u r i n g March - September. I t can a l s o 
produce a t e m p e r a t u r e r i s e o f between 15°C t o 2 5°C w i t h i n a 
few h o u r s . ^ J D u r i n g t he G h i b l i t h e r e l a t i v e a t mospheric 
f4) 
h u m i d i t y n o t i n f r e q u e n t l y s i n k s down t o 51. J C l i m a t i c d a t a 
f o r t h e p r o j e c t area were n o t a v a i l a b l e f o r t h e survey phase 
s i n c e i t was o n l y i n 1976 t h a t a m e t e o r o l o g i c a l s t a t i o n was 
e r e c t e d a t t h e p r o j e c t . T h i s i s n o t an uncommon s i t u a t i o n i n 
L.D.C.s i n g e n e r a l and -
" I n no area o f L i b y a do we have a l l t he i n f o r m a t i o n 
t h a t s h o u l d be c o l l e c t e d " (J.R. Jones) (5) 
T h e r e f o r e , d a t a from M i s u r a t a , t h e c l o s e s t s t a t i o n where data 
i s a v a i l a b l e , have t o be used. Table No. 3.1.1 shows a summary 
o f t h e m e t e o r o l o g i c a l data f r o m M i s u r a t a S t a t i o n . ^ F i g u r e 
No. 3.1.1 shows t h e Temperature Mean Max., T. Mean, T. Mean Min., 
T. Ex.Max., T.Ex. Min. F i g u r e No. 3.1.2 shows t h e mean r e l a t i v e 
h u m i d i t y and mean monthly d u r a t i o n o f sunshine i n hou r s . F i g u r e 
No. 3.1.3 shows t h e mean r a i n f a l l . 
W h i l s t t h e c l i m a t e i s h a r s h , t h e g e n e r a l c l i m a t i c 
c o n d i t i o n s n e v e r t h e l e s s a l l o w t h e growth o f many d i f f e r e n t p l a n t s , 
g i v e n reasonable management. However, e c o l o g i c a l l y , t h e range 
o f crops w h i c h can be c o n s i d e r e d as c l i m a t i c a l l y s u i t a b l e i s 
then f u r t h e r r e s t r i c t e d by s o i l c o n d i t i o n s and water a v a i l a b i l i t y . 
F i g . 3 -1 -1 
TEMPERATURE 
M e a n — — — E x t r e m e max E x t r e m e m m 
— M e a n m a x 
Feb Mar Apr May June Ju l y Aug Sept O c t Nov Dec 
M o n t h 
Fig. 3 12 
M R. Humid i ty 
M . M o n t h l y d u r a t i o n 
of sunsh ine 
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Fig.3 I 3 
Mean rainfall 
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M o n t h 
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3. 2 S o i l s 
The Tauorga s o i l s have been formed under s e m i - a r i d 
c o n d i t i o n s . The g r e a t t e m p e r a t u r e v a r i a t i o n s between day and 
n i g h t , t o g e t h e r w i t h t h e s h o r t - p e r i o d heavy r a i n f a l l r e s u l t e d 
i n i n t e n s i v e and deep w e a t h e r i n g o f t h e t e r t i a r y marls and 
(7) 
m a r l y l i m e s t o n e . K J On t h i s weathered s u r f a c e a e o l i a n d e p o s i t s 
were formed, which i n p l a c e s have been ' f i x e d ' by v e g e t a t i o n . 
Thus, t y p i c a l l y l o e s s l a y e r s were formed, t h e t h i c k n e s s o f which 
have been changed by s p a t i a l l y v a r i a b l e w i n d a c t i o n . Besides 
t h e e r o s i o n and d e p o s i t i o n by wind t h e r e i s a l s o a c t i o n by 
w a t e r , f o y example i n t h e lower reaches o f t h e wadis G i l g e l 
and El Hauat where wadi f l o o d s have l a i d down good loamy 
a l l u v i a . 
P r e c i p i t a t i o n i n t h e p r o j e c t area i s low (approx.125 mm/ 
y e a r ) and f r e q u e n t l y v i o l e n t . ^ The lo e s s s u r f a c e i s r a p i d l y 
impacted and t h e water f l o w s o f f r a p i d l y , v a r y i n g a c c o r d i n g t o 
f 91 
t h e topography, c a u s i n g heavy e r o s i o n o f t h e l o e s s . 1 By sheet 
f l o w and g u l l y e r o s i o n d e p o s i t i o n takes p l a c e i n the lower 
p a r t s o f t h e t e r r a i n , w h i l e t h e h e i g h t s are almost s t r i p p e d o f 
l o e s s and s h a l l o w s o i l s . Since e v a p o r a t i o n i s g r e a t e r 
t h a n p r e c i p i t a t i o n , c o n s e q u e n t l y c a p i l l a r y a c t i o n produces an 
upward movement o f s o i l - w a t e r which evaporates on the s u r f a c e 
l e a v i n g a c o n c e n t r a t i o n o f d i s s o l v e d s a l t s and s o l i d s on t h e 
s u r f a c e and i n t h e upper s o i l l a y e r . i n g e n e r a l , because 
o f t h e t o p o g r a p h i c c o n d i t i o n s i n t h e p r o j e c t a r e a , t h e s u r f a c e 
and s u b s u r f a c e water f l o w s away t o t h e East. The n a t u r a l g r a d i e n t 
f a l l g r a d u a l l y decreases t o t h e East and t h e w a t e r t a b l e u s u a l l y 
r i s e s a s s o c i a t e d w i t h n o t o n l y a h i g h e r c o n c e n t r a t i o n o f s a l t s 
b u t a l s o i n t h e f o r m a t i o n o f r e l a t i v e l y s h a l l o w swallow h o l e s 
i n t h e s o l u b l e c a r b o n a t e s . 
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A number o f s t u d i e s were c a r r i e d o u t on t h e p r o j e c t b e f o r e 
i t s execution,, I n t h e f i r s t , p e r formed by a team from Durham 
U n i v e r s i t y i n 1960, a number o f s o i l p r o f i l e s were s t u d i e d and 
sampled. I n 1965 t h e German C o n s u l t i n g f i r m WAKUTI c a r r i e d out 
f u r t h e r s t u d i e s on t h e area i n c l u d i n g s o i l survey and s o i l 
mapping o f the area. I n 1970 another s o i l survey study and 
mapping o f t h e area was performed by a team from t h e E g y p t i a n 
GAUDRL, the r e p o r t o f which was t h e b a s i s f o r t h e c h o i c e o f 
l a n d f o r r e c l a m a t i o n . The main s o i l c h a r a c t e r i s t i c s i n t h e area , 
as r a t e d by t h e s u r v e y , were as f o l l o w s : 
Mechanical A n a l y s i s 
f 121 
S o i l t e x t u r e v J v a r i e s between l i g h t (loamy sand and 
sandy loam) t o medium ( s i l t y loam and loam) t o r e l a t i v e l y heavy 
(sandy c l a y and c l a y loam). Water i n f i l t r a t i o n r a t e t h r o u g h 
(13) 
s o i l , a c c o r d i n g t o GAUDRL, v a r i e s between 9 cm/h t o 37 cm/h. 
However, t h e r e p o r t o f Durham U n i v e r s i t y mentioned r a t e s from 
0.25 t o 7.3 cm/h (-14-) and t h e WAKUTI Study 1965 from 1.2 t o 
14 cm/h. The pore volume i s r e l a t i v e l y h i g h and makes up 
about 50% by volume o f a l l s o i l h o r i z o n s . The s t o r a b i l i t y o f 
water a v a i l a b l e f o r p l a n t s was s t a t e d t o be between 10 and 
15% o f t h e volume o f s o i l w a t e r on average. 
Hard s o i l l a y e r s : Hard l a y e r s were r e p o r t e d t o 
e x i s t i n the s o i l ; t h e f o r m a t i o n , t h i c k n e s s and n a t u r e o f t h e 
m a t e r i a l s v a r y i n g from p l a c e t o p l a c e w i t h some c o n s i s t i n g i n 
the main o f c a l c i u m c a r b o n a t e and o t h e r s o f c a l c i u m s u l p h a t e . 
They were r e p o r t e d t o have no h i n d e r i n g e f f e c t on water p e r m e a t i o n 
i n the WAKUTI s t u d y , w h i l s t t h e GAUDRL r e p o r t r e f e r r e d t o them 
as composed o f ma r l o r m a r l y m a t e r i a l . Durham U n i v e r s i t y s t u d y 
r e f e r r e d t o a c o n s o l i d a t e d s o i l l a y e r o f hardened m a t e r i a l 
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f o r m i n g sandstone and s a n d s t o n e - l i k e m a t e r i a l . The GAUDRL 
r e p o r t a l s o suggested a need f o r s u b s o i l b r e a k i n g o f t h e m a t e r i a l 
l y i n g near t h e s u r f a c e b e f o r e l a n d l e v e l l i n g s h o u l d be e f f e c t e d . 
Chemical A n a l y s i s 
The chemical a n a l y s i s formed t h e b a s i s o f s o i l c l a s s i f -
i c a t i o n by GAUDRL. 
a) C l a s s i f i c a t i o n 'a' good l a n d . Table No. 3.2.1 below 
shows t h e s o i l analyses o f a t y p i c a l sample. 
Table No. 3.2.1 
Depth cm 
0-15 15-40 40-65 
E l e c t r i c a l c o n d u c t i v i t y 
m i l l i m h o s / c m 
1 : 1 S o i l : wa t e r 1.45 2.07 1.22 
PH i n water 7.70 7.80 7.85 
K20 (mg/100 o f s o i l ) 16.0 12.0 7.0 
P20 (mg/100 o f s o i l ) 8.0 5.0 5.0 
CaC03 % 12.40 3.38 2.97 
CaS04 % 1.44 4.92 4. 72 
C % 0.19 0. 21 0.41 
C/N % 12.3 9.6 8.7 
Na (meg/100 o f a i r d r y s o i l ) 0.69 1.58 0.46 
Ca 0.47 0.39 0.50 
K " " 0.04 0.02 0.02 
Mg 0.29 0. 55 0. 52 
0.76 0.78 0. 52 
CI 0.86 1.73 0.76 
Source:- WAKUTI,Tauorga A g r a r i a n Reform p r o j e c t (Germany 
and S w i t z e r l a n d 1970) p.7," 
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b) C l a s s i f i c a t i o n 'b' a r a b l e l a n d . Table No. 3.2.2 
below shows the s o i l analyses o f a t y p i c a l sample. 
Table No. 3.2.2 
Depth cm 
0=3 3-10 10=50 50-65 
E l e c t r i c a l c o n d u c t i v i t y 
m i l l i m h o s / c m 
1 : 1 S o i l : water 13.64 6.93 8.55 3. 54 
PH i n water 8.10 8.05 8.10 7.75 
K20 (mg/lOOg s o i l ) 19.0 16.0 10.0 6.0 
P202 " 6.0 4.0 4.0 3.0 
NaC03 % 8.23 1.04 0.21 1.10 
CaS04 % 4.47 5.65 13.41 5.76 
C % 0.46 0.12 0.32 0.15 
C/N % 14.2 9.6 10.5 8.3 
Na(meg/100 a i r d r y s o i l ) 1.97 1.38 7.15 2.12 
Ca " " 0.73 0.63 0.72 0.75 
K " " 0.15 0.83 0.39 0.13 
Mg 1.16 1.38 3.50 0.70 
S04 1.23 1.75 4.76 0.95 
CI 2.84 2.54 7.58 2.87 
Source:- WAKUTI, Tajjorga A g r a r i a n .Reform p r o j e c t (Germany 
and "Switzerland 1970) p. 8. 
S o i l s o f the p r o j e c t area were c l a s s i f i e d a c c o r d i n g t o 
GAUDRL as f o l l o w s , t o g e t h e r w i t h an e s t i m a t e o f the area o f l a n d 
i n each c l a s s ^ ^ 
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1. A l - 511 ha. : c u l t i v a b l e , more t h a n 100 cm. deep, 
l i g h t t o medium i n t e x t u r e , s a l i n i t y 4 mmhos/cm or 
more, needs l i t t l e l e v e l l i n g . 
2. A2 - 1797 ha. : c u l t i v a b l e , p r o f i l e a t l e a s t 50 cm. 
deep o v e r l y i n g a l o o s e - m a r l l a y e r down t o 150 cm, 
l i g h t t e x t u r e , s a l i n i t y medium t o h i g h , needs some 
l e v e l l i n g and l e a c h i n g . 
3. A3 - 2095 ha. : c u l t i v a b l e , l e s s t h a n 50 cm. deep, 
l i g h t t e x t u r e , o v e r l y i n g a t r a n s f o r m e d m a r l l a y e r w i t h 
c o n c r e t i o n s o f c a l c i u m carbonate down t o 60 cm; s i m i l a r 
t o c l a s s A l except f o r shallowness o f t h e s o i l and s a n d i e r 
c o n d i t i o n , needs l e v e l l i n g and l e a c h i n g . 
4. B - 1901 ha. : l e s s than 50 cm. d e p t h , l i g h t o v e r l y i n g 
a s o f t m a r l l a y e r , h i g h t o e x t r e m e l y h i g h s a l i n i t y , 
needs s l i g h t l e v e l l i n g s i n c e s o i l i s s h a l l o w and needs 
l e a c h i n g . 
5. R - 1782 ha. : s h a l l o w , r o c k near s u r f a c e a t 10-40 cm. 
n o t s u i t a b l e f o r c u l t i v a t i o n . 
These s o i l s a re t a b u l a t e d i n Table No. 3.2.3 and 
i n d i c a t e d as mapping u n i t s i n F i g . No.3.2.1. 
On the b a s i s o f s o i l and l a n d c l a s s i f i c a t i o n t h e P r o j e c t 
area o f a p o s s i b l e 8,000 ha. was s e l e c t e d . A c c o r d i n g t o t h e 
(17) 
GAUDRL r e p o r t , t h e r e were 5 areas chosen f o r a g r i c u l t u r a l 
development and r e c l a m a t i o n , as f o l l o w s : -
Area 1 :- About 200 ha; i n c l u d e s Wadi Meriam w i t h few s a l i n i t y 
problems. 
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Table 3.2.3 C l a s s i f i c a t i o n of s o i l s of the Project area 
Class General character Degree of S a l i n i t y 
Land Cap-
a b i l i t y 
A l Thick loess l a y e r 
100 cm deep Low 
A2 Thick loess layer medium to 
50 cm deep high Arable 
A3 Thin loess l a y e r 
25 to 50 cm. Low 
B high -
extremely 
high 
R Shallow or rock Non 
Arable 
Area 2:= West of Misurat°Sirt main road. The area immediately 
by the road (about 600 ha.) having land varying between 
A2 and B classes; w i t h medium to high and high to 
extremely high; s l i g h t s a l i n i t y . The adjacent area to 
i t (about 700 ha.) i s of A3 and A2 classes; s a l i n i t y i s 
e i t h e r low or medium to high. 
Area 3:- East of iMisurata-Sirt main road w i t h an area of about 
900 ha. most of a B c l a s s . 
* 
Area 4:~ S o i l of t h i s area (about 600 ha.) i s high to extremely 
high s a l i n e w i t h most of i t A3. 
* Unfortunately no map of land c l a s s i f i c a t i o n i s a v a i l a b l e 
f o r t h i s separated area, which now i s c a l l e d Area South, 
Fig. 3 2 1 Land Classi f icat ion 
Land T h i c k n e s s Degree of 
Capability of L a y e r Sal in i ty 
> l 6 0 c m L o w 
Km M e d m m 10 > 5 0 c m t o H i g h 
A r a b l e < 
Low <50cm H i g h 
E x t r e m e l y H i g h 
V e r y s h a l l o w 
N o n - A r a b l e or s o l i d r o c k 
N 
/ 
yo. 
I * \c 1c 
T A U 0 R 
Source - Wakuti, Study on the Tauorga 
Irrigation project !Siegen 19651 
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The determination of the f i g u r e of 3,000 ha. f o r a c t u a l 
f 181 
development 1 } was based on the q u a n t i t y of the springs' 
discharge which was recorded as approximately 3.02 cu.m./sec. 
i . e . i t could supply the water requirements of both i r r i g a t i o n 
and leaching of a selected 3,000 ha. ( a f t e r deducting the 
q u a n t i t i e s f o r the experimental farm and use by the people i n 
the oasis (see p. 64 ) . 
3.3 Topography 
The p r o j e c t area l i e s between contour 6.00m from the 
East and 23.00m from the West. The area i n general slopes from 
(19} 
West to East w i t h an i n c l i n a t i o n of approximately 0.2%, 
from about 23 m a . s . l i n the West to 6 m a.s.l i n the East. 
At the western border of the sebkha of Tauorga the height i s 
approximately 10 m. above sea l e v e l , there f o l l o w s a slope 
to an area 15 m. above sea l e v e l , w i t h hummocks of a l l u v i a l blown 
sand. These hummocks are r a r e l y found i n the area south of the 
v i l l a g e Kararim. 
I n order to prepare the land f o r a g r i c u l t u r e p r o d u c t i o n , 
and since a f l o o d i r r i g a t i o n method was to be used, land l e v e l l i n g 
i s necessary. I n mapping u n i t Al and A2 (see F i g . No.3.2.1) 
l e v e l l i n g does not create any serious problem because the loess 
layer i s more than 50 cm. t h i c k . Areas A3 and B re q u i r e d 
l e v e l l i n g , but because of the t h i n n e r loess l a y e r o v e r l y i n g 
extremely compacted lower marl horizons, a deep ploughing i s 
also r e q u i r e d i n order to mix the loess and marl. Where the 
layer i s extremely t h i n , i . e . under 25 cm. l e v e l l i n g should be 
avoided. Recommendations to t h i s e f f e c t were made before 
the c o n s t r u c t i o n phase. However, l e v e l l i n g was c a r r i e d out 
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on a l l f i e l d s during the construction phase of the p r o j e c t to give 
slopes of 0,1 - 0.3% rectangular to the l a t e r a l i r r i g a t i o n canals 
(21) 
and 0.05% i n the d i r e c t i o n of the l a t e r a l i r r i g a t i o n canals. 
3„4 Water 
The resources of water a v a i l a b l e to the p r o j e c t area 
i n c l u d e : • 
A • P r e c i p i t a t i o n 
B - Groundwater 
Dug w e l l s 
Deep d r i l l e d w e l l s 
The Tauorga springs 
Q u a n t i t a t i v e estimates of discharge 
and of p r o j e c t i r r i g a t i o n requirements 
Water q u a l i t y 
A - P r e c i p i t a t i o n : I n order to be of greatest b e n e f i t i t 
should have the f o l l o w i n g c h a r a c t e r i s t i c s -
The amounts should be s u f f i c i e n t to replace moisture 
depleted by evaporation and t r a n s p i r a t i o n from the root zone. 
Frequency of p r e c i p i a t i o n should be enough to r e p l e n i s h the 
s o i l moisture before p l a n t s suffer from lack of moisture. The 
i n t e n s i t y should be low enough so t h a t water can be absorbed 
by the s o i l . 
I n Tauorga the case i s t h a t the amount, frequency and 
the i n t e n s i t y of p r e c i p i t a t i o n are a l l unsuitable f o r the support 
of permanent c u l t i v a t i o n . 
B - Ground water: ( F i g . 3.4.1 ) Ground water contained 
w i t h i n the s o i l s and t h e i r parent m a t e r i a l s ( i . e . at shallow 
depths) can be u t i l i s e d by p l a n t s which are able through t h e i r 
Fig 3.4.1 HYDROGEOLOGICAL M A P - D E P T H TO STATIC WATER L E V E L 
Depth to water level below 
surface in metres 
N 
K A R I M 
I O O 
Z 
100 12 50 
10 Kilometres 
12-50 - 15 0 
150 2 0 0 
>20 0 
\ 
\ 
) T A U O R G A 
Tauorga Springs 
\ 
Source:-Study on the Touorga Irrigation Project(Wokuli, Siegen 1965) 
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ro o t systems to reach the water t a b l e . The upward movement of 
ground water by c a p i l l a r i t y from the water t a b l e i n t o the root 
zone can be a major source o f water f o r p l a n t growth 
Unf o r t u n a t e l y w h i l s t the water t a b l e l i e s between 2.5 m. 
gnd 20m. below the surface ( F i g . 3.4.1 ) , t h i s ground water 
i s s a l i n e and cannot be used f o r i r r i g a t i o n and i s i n f a c t 
responsible f o r the high s a l t content i n the s o i l s (See p. 51 ) 
t h i s c o n d i t i o n being due to bad drainage. 
Dug w e l l s ( 2 2 ) 
The chemical q u a l i t y of the water of these w e l l s i s shown 
i n Table No. 3.4.1. According to chemical analysis the shallow 
wells have a high s a l t content, w i t h c h l o r i d e s and sulphur 
exceeding 1000 ppm. 
The upper a q u i f e r i s fed mainly by the rar e r a i n f a l l and 
can only supply a l i m i t e d amount of water through the shallow 
w e l l s . South of Tauorga there are w e l l s up to 24 m. deep supplying 
the water needs of the farms i n t h a t l o c a l i t y . The output of 
these w e l l s i s estimated to be 0.5 cu.m/se. Obviously i t i s not 
a r e l i a b l e or adequate resource of water f o r t h i s p r o j e c t . 
(231 
D r i l l e d deep we l l s 
A number of d r i l l e d w e l l s between 528 and 665 m. deep 
are found i n the area (Table No. 3.4.2) These w e l l s are 
a r t e s i a n or semi-artesian, and most of them have to be equipped 
w i t h pumps. However, some of them d e l i v e r a r t e s i a n water by 
n a t u r a l o u t f l o w . Most of the water o r i g i n a t e s from the upper 
cretaceous limestone stratum, about 500 t o 600 m. deep. The 
deepest w e l l , 665 m. deep, i s i n the p r o j e c t area 1.250 km. 
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west of the main S i r t e - M i s u r a t a road. An output of 130 cu.m./h. 
f o r t h i s w e l l i n 1956 was measured. Other w e l l s i n the area 
supply up to a maximum of 250 cu.m/h. The f o l l o w i n g Table 
f 241 
No. 3.4.3 shows the output of a number of w e l l s . 
Table No. 3.4.3 
Well 3 Delivery i n m /h Year 
pozzo 15 200 1939 
pozzo 14 250 1939 
pozzo 13 150 - i n 1940 1956 only 30 m3/h 
pozzo 12 250 
pozzo 20 70 1939 
Misurata 1 200 1938 
Tauorga deep 
w e l l 
130 1956 
The average output of these w e l l s i s 178 cu.m./h. 
accordingly and considering a p r o j e c t e d 2.93 cu./m/sec. f o r 
the i r r i g a t i o n p r o j e c t would r e q u i r e 59 w e l l s . Therefore, i t 
was regarded as more economical t o use the Tauorga springs 
than to d r i l l new w e l l s , p a r t i c u l a r l y since the q u a l i t y of 
water from these w e l l s i s not expected to be b e t t e r than t h a t 
from the springs. 
The Tauorga Springs 
Given the inadequacy of p r e c i p i t a t i o n , the u n s u i t a b i l i t y 
of shallow groundwater and the high cost and low volume expecta-
t i o n s from d r i l l e d w e l l s , the n a t u r a l springs of Tauorga form the 
basic water resource f o r p r o j e c t development. These are 
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considered i n d e t a i l below. 
These two springs are s i t u a t e d at a distance of approx-
imately 5 kms. west of Tauorga town. These are also perhaps 
the l a r g e s t n a t u r a l springs found i n Libya, t o t a l discharge 
being shown below:-
1. Before World War I I the output of the springs was c a l c u l a t e d 
to be 3.5 cu.m/sec. 
(27) 
2. I n November 1961 i t was measured as 5.00 cu.m/sec. 
3. I n A p r i l 1965 measurements by WAKUTI i n d i c a t e d 3.020 
, (28) cu.m/sec. 
4. The flow measurements taken by GEFLI i n 1971-1972 gave the 
(29) 
f o l l o w i n g r e s u l t s : -
i n 22.10.1971 2.47 cu.m/sec. 
9.2.1972 1.95 cu.m/sec. 
28.3.1973 1.95 cu.m/sec. 
5. In 1974 3.4 cu.m/sec. (measured by Boheira Company Li m i t e d , 
Egypt) W 
6. In Spring 1974, a French consultant company GEFLI c a r r i e d 
out flow measurements and recorded a discharge of 2.05 cu.m/sec. 
7. I n December 1975, a f u r t h e r consultant company, WAKUTI KG 
(32) 
c a r r i e d out measurements and recorded 2.3 cu.m/sec. 
8. I n 1977 measurements i n d i c a t e d 1.9 cu.m/sec.(measured by 
(331 
M i n i s t r y of Dams and Valleys). 
These f l u c t u a t i o n s appear to have been caused 
by an increase i n water e x t r a c t i o n by the we l l s d r i l l e d 
near the springs i n recent years and red u c t i o n of 
pressure but the general question of c o n t r o l of water 
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e x t r a c t i o n and competition between w e l l s and springs remains 
to be discussed l a t e r . The f i g u r e of flow i . e . 3.020 cu.m/sec. 
was taken to represent a v a i l a b l e water, the a l l o c a t i o n of water 
i n the planned p r o j e c t being as f o l l o w s : 0 
a) 0.1 cu.m/sec. f o r the experimental farm, see Fig. 3.5.1. 
b) 0.1 cu.m/sec. to supply the people of Tauorga o a s i s . 
The remainder, 2.82 cu.m/sec. would supply the p r o j e c t area. 
The Tauorga Springs and the a r t e s i a n water of the deep w e l l s 
o r i g i n a t e i n the limestone layers of the upper cretaceous and 
i t i s probable t h a t t h i s r e l a t i v e l y large q u a n t i t y of a r t e s i a n 
water o r i g i n a t e s i n the eastern p a r t of Jebel Nefousa w i t h i t s 
higher annual r a i n f a l l about 350 mm. 
Jebel Nefousa i s an area o f h i l l land i n Western Libya. 
In general the upper cretaceous beds, mainly calcareous, of which 
Jebel Nefousa i s composed dip g e n t l y to the south. A number of 
subaerial erosion surfaces are recognisable on the heights of the 
Jebel and on the wadi sides, the number of stages apparently 
two i n the western p a r t of the Jebel and as many as f i v e i n the 
Jebel around Jadu. The northern scarp face appears to have been 
formed by marine a c t i o n and i s one of the high t e r r a c e scarp 
faces c h a r a c t e r i s t i c of T r i p o l i t a n i a and Cyrenaica. The upper 
v a l l e y f i l l m a t e r i a l of the Jebel lacks the roundedness of the 
younger gravels of Eastern Libya, and seems to have been deposited 
f 35) 
under c o n d i t i o n s not very d i f f e r e n t from those of the p r e s e n t . v J 
The absence of impermeable layers i n the Cretaceous beds makes 
i t easy f o r the p r e c i p i t a t i o n water to penetrate and i t also 
tends to f l o w , i n periods of intense r a i n f a l l along the d i p slope. 
Consequently the water sinks through the predominant lime stones 
and deeply penetrates the geological s t r u c t u r e . ; Very l i t t l e 
i s known of the hydro-geological processes involved but i t i s 
gen e r a l l y accepted t h a t i t i s water from these beds which appears 
i n a zone of s t r u c t u r a l weakness as a r t e s i a n springs at Tauorga. 
The q u a n t i t y of water represented by a flow of 2.82 cu.m/sec was 
assumed i n the f i r s t place to allow, given i r r i g a t i o n management 
of the type described l a t e r , the i r r i g a t i o n of approximately 
2283.58 hectares . 
Pr o j e c t I r r i g a t i o n Water Volume Requirements:" 
The q u a n t i t y of i r r i g a t i o n water f o r the permanent c u l t i v -
a t i o n plan (pp.66-70 ) was determined by the Blaney-Criddle 
formula, converted t o a metric system 
45.7 x t + 813 
ET pot P x (mm/month) 
100 
where:-
P = monthly percentage o f the y e a r l y number 
of d a y l i g h t hours. 
t = sum of the products of the medium monthly 
temperature i n degrees centigrade. 
For the conversion of the estimated " p o t e n t i a l evapo-
t r a n s p i r a t i o n " to the " a c t u a l e v a p o t r a n s p i r a t i o n " the formula 
ET act = K x ET pot 
where:- X i s the crop f a c t o r to be applied 
The i r r i g a t i o n water consumption of the crops to be 
c u l t i v a t e d i n the p r o j e c t i n the permanent plan ( p.159 ) i s 
shown i n Table No. 3.4.4 i n mm/month. Accordingly, the 
i r r i g a t i o n water consumption of these crops weighted according 
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to t h e i r p r o p o r t i o n a l importance i s shown i n Table No. 3.4.5. 
f 371 
Assuming a 651^ J i r r i g a t i o n water e f f i c i e n c y the i r r i g a t i o n 
3 
water requirement f o r the crops i n m /ha./month i s shown i n 
Table No. 3.4.6 on the f u r t h e r assumed p e r i o d i c i t y of watering 
shown i n Table 3.4.7. Table No. 3.4.7 
Crop 
Period between i n d i v -
i d u a l i r r i g a t i o n per day 
F r u i t Trees 8 
Grains 4 
Fodder 5 
Winter veg. 5 
Summer veg. 3 
Source:- Boheira Co.Ltd. Technical Report No.l 
(Egypt 1976) p. 2T. 
The leaching requirement was determined according to the 
formula (shown on p. 77 ) . Consequently the water requirements 
f o r i r r i g a t i o n and leaching appears as i n Table No. 3.4.8. 
Table No. 3.4.8 
Month 3 m /ha./day 
3 
m /ha/month 
January 35 1085 
February 44 1232 
March 54 1674 
A p r i l 69 2070 
May 84 2 604 
June 113 3390 
July 117 3627 
August 117 3627 
September 80 2400 
October 88 2310 
November 54 1620 
December 41 1271 
Source: Boheira Co.Ltd. Technical Report No.l 
(Egypt 1970), p.TT. 
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This r e s u l t s i n a t o t a l demand of 1.95 m /sec. based on a 24 
hour day i r r i g a t i o n system. The output from Tauorga springs 
3 3 (of 3.020 m /sec. minus 0.2 m /sec.) i s thus s u f f i c i e n t t o 
meet the t o t a l demand, but since the pumping s t a t i o n w i l l work 
f o r 16 hours d a i l y the demand w i l l increase to 2.93 m /sec. 
3 
This s l i g h t l y exceeds the water supply (2.82 m /sec.) of the 
spri n g s , the d e f i c i t to be compensated by a storage volume of 
80,000 m 3 . ( 3 9 ) 
The chemical content of s o i l s o l u t i o n s or i r r i g a t i o n 
waters i s u s u a l l y represented i n one of three ways; parts per 
m i l l i o n (ppm), m i l l i e q u i v a l e n t s per l i t r e (MEG/L), or as e l e c t -
r i c a l c o n d u c t i v i t y expressed i n micromhos per centimetre (ECxlO^). 
In t h i s t h e s i s e l e c t r i c a l c o n d u c t i v i t y expressed i n mmhos/cm w i l l be 
used. The chemical analyses made i n March 1965 gave the f o l l o w i n g 
data 
Temperature 
S p e c i f i c c o n d u c t i v i t y 
PH 
Total hardness as CaC03 
Total d i s s o l v e d s o l i d s 
Si04 
Ca 
Mg 
Na 
K 
HC03 
C03 
CI 
S04 
NO 2 
NO 3 
Fe 
31°C 
4.2 millimhos at 25°C 
7.4 
1333.8 ppm. 
2940.0 ppm. 
24.0 ppm. 
292.0 ppm. 
147.1 ppm. 
494.2 ppm. 
32.8 ppm. 
296.5 ppm. 
914.9 ppm. 
846.1 ppm. 
0.004 ppm. 
20.7 ppm. 
traces 
The Sodium Adsorption Ratio (SAR) i s 6; thus there i s no 
sodium danger t o p l a n t s . The water f a l l s i n t o class C4 - S2 
according t o the American c l a s s i f i c a t i o n . T h u s the water 
could be used f o r i r r i g a t i o n . However, a l l machines and s t e e l 
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which touch the spring water must be p r o t e c t e d against c o r r o s i o n , 
and high q u a l i t y concrete must be used. 
Further chemical water analysis f o r 16 samples are shown 
i n Appendix - A. 
3.5 I r r i g a t i o n system v J ( F i g . 3.5.1) 
Given the c h a r a c t e r i s t i c s of the p h y s i c a l f a c t o r s as 
summarised above, f o r the p r o j e c t area a f l o o d i r r i g a t i o n method 
was proposed. The decision was taken to employ a basin f l o o d i n g 
system, w i t h i n which border s t r i p and furrow systems could also 
be used as a p p r o p r i a t e , f o r the f o l l o w i n g reasons:-
1) Due to the high s a l i n i t y i n the i r r i g a t i o n water and s a l t 
content i n the s o i l only f a i r l y s a l t t o l e r a n t p l a n t s w i t h a 
r e l a t i v e l y low commercial value can be c u l t i v a t e d . I n r e l a t i o n 
to the high costs of a s p r i n k l e r system an economic success could 
not t h e r e f o r e be guaranteed. 
2) The i r r i g a t i o n costs i n t h e case of s p r i n k l e r s would 
a d d i t i o n a l l y r i s e because of the high p r o p o r t i o n of water r e q u i r e d 
f o r leaching; s p r i n k l e r s are designed t o supply water almost 
e n t i r e l y t o the p l a n t and r o o t zone and leaching losses are normally 
minimised (see also 3.2. - S o i l s ) . 
3) The p l a n t s would be more d i r e c t l y a f f e c t e d by s o l i d residues 
(e.g.carbonates) i f water was a p p l i e d by s p r i n k l e r r a t h e r than by 
f l o o d i r r i g a t i o n . 
Given the two c r i t i c a l d e c i s i o n s , (a) to e x p l o i t a small 
number of water sources and (b) to u t i l i s e a f l o o d i r r i g a t i o n 
system a number of important consequences followed. F i r s t , i n 
order to ensure the maximum use of g r a v i t y - f l o w instead of 
p r e s s u r e systems, a number of large elevated r e s e r v o i r s had t o 
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be constructed to provide f l o w - e q u a l i s a t i o n over the whole area. 
Secondly, given t h i s , pumps had to be i n s t a l l e d to f i l l and 
maintain adequate l e v e l s i n the r e s e r v o i r s . T h i r d l y , the general 
s p e c i f i c a t i o n s f o r d i s t r i b u t i o n systems from r e s e r v o i r s t o 
f i e l d s became f a i r l y r i g i d . I t i s worth o u t l i n i n g here some of 
the engineering and c o n s t r u c t i o n requirements which then f o l l o w e d . 
Because of the permeable upper loess s o i l l a y e r , and due 
to the r e l a t i v e l y long distances from the elevated r e s e r v o i r s 
to the c u l t i v a t e d areas, l i n i n g of a l l the i r r i g a t i o n canals 
was req u i r e d . The choice l a y between a) the l i n i n g of channels 
w i t h r e i n f o r c e d concrete by means of p r e f a b r i c a t e d open elements, 
b) a l i n i n g w i t h a p l a i n concrete coat on the surface of an open 
earth p r o f i l e cut out of a compacted embankment dam. Except 
f o r the main i r r i g a t i o n canal and r e s e r v o i r s Nos. 1 and 2 the 
Government decided on the execution o f the l a t t e r f o r reasons 
of cost. Also, excluding the main feeder canal from the springs 
to the main pumping s t a t i o n s Nos. 1 and 2, a l l i r r i g a t i o n canals 
were designed as above w i t h t r a p e z o i d cross sections. 
1. Main Feeder Canal 
Execution as open earth canal w i t h gravel C I 5-20 cm) and 
r i p - r a p ( l a y e r of 30-40 cm) p r o t e c t i o n layers on the upper inner 
slopes of the canal s e c t i o n . The t o t a l length of the canal from 
the springs to the main pumping s t a t i o n Nos. 1,2 amounts to 
2,600 m. where the canal i s sloped c o n s t a n t l y w i t h a 0.2% gradient. 
The open cross section consists of a lower canal s e c t i o n of 
3.00 m. bottom width and 1.60 m. depth and side slopes of 2.3%. 
Above t h i s s e c t i o n a storage s e c t i o n i s provided w i t h 18.50 m. 
bottom width and 1.00 depth. Thus a t o t a l storage volume of 
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80,000 cu.m i s a v a i l a b l e , t h i s r e q u i r e d f o r compensating f o r the 
d e f i c i t between springs' discharge and the a c t u a l demand. 
For cleaning or maintenance purposes, etc. i n S t a t i o n 
Km 0+300 the canal s e c t i o n can be closed by s l u i c e s and the water 
of the springs can be d i v e r t e d through a main drainage canal 
to the southern Tauorga sebkha. 
2. Main I r r i g a t i o n canal • heading from the elevated main 
r e s e r v o i r No.l to the main p a r t of the i r r i g a t i o n 2,400 m. long. 
The bottom w i d t h of t h i s canal i s 3.00 m, the clear height i s 
1.75 m, side slopes have a slope r a t i o of 2:3 and the gradient 
i s 0.1%. The thickness of the p l a i n concrete l i n i n g amounts 
to 12 cm. and at i n t e r v a l s of 3m a sealed expansion j o i n t 
has to be provided. 
3. Sub-1 I r r i g a t i o n canals - branching from the main canal 
r e s p e c t i v e l y from r e s e r v o i r No.3 or d i s t r i b u t i o n chambers of 
PST 2 and PST 3 and supplying the sub-2 canals. These are 
constructed to carry flows of between 400 and 1,400 L./sec. 
according to the d i f f e r e n t sizes of trapezo i d c r o s s - p r o f i l e s 
which are of bottom widths from 1.00 m. to 1.25 m. and c l e a r 
heights from 1.20 m. to 1.45 m. The side slopes are a constant 
2:3, and the gradient i s 0.2%. 
4. Sub-2 I r r i g a t i o n canals - these canals, branching o f f the 
sub-1 canals and supplying the l a t e r a l i r r i g a t i o n canals are 
mainly constructed w i t h a c l e a r bottom w i d t h of 33 cm. and a 
cle a r height of 65 cm. The side slopes are c o n s t a n t l y 1:1, and 
the gradient 0.4 - 0.5%; the flow amounts to 200 L./sec. 
5. L a t e r a l I r r i g a t i o n canals - these canals, provided w i t h out-
l e t s at regular distances of 110 m. f o r i r r i g a t i o n of the f i e l d s , 
are constructed w i t h a c l e a r bottom w i d t h of 22 cm. and a c l e a r 
height of 55 cms. The side slopes are c o n s t a n t l y 1:1 and the 
gradient i s g e n e r a l l y 0.4 - 0.5%. Depending on the lengths of 
the d i f f e r e n t l a t e r a l canals the flow i s graded between 80 and 
120 L./sec. 
6. Pumping S t a t i o n s , D i s t r i b u t i o n Chambers, Elevated Reservoirs 
Because of the height a . s . l of the i r r i g a t i o n areas, 
approximately 10 - 20m, r e l a t i v e to the l e v e l of the springs 
(deconfined water l e v e l : 5.800 m), the whole p r o j e c t depends on 
3 pumping s t a t i o n s to l i f t water from i t s lowest t o the highest 
l e v e l to get i r r i g a t i o n by g r a v i t y . 
P.S.T. No.l 
6 u n i t s each discharging 0.90 m /sec., 2 of them stand-by. 
P.S.T. No.2 
2 u n i t s each discharging 0.90 m /sec., 1 of them stand-by. 
P.S.T. No.3 
3 u n i t s each discharging 0.90 m /sec., 1 of them stand-by. 
The PST No. 1 and 2 were constructed i n one b u i l d i n g to economize 
maintenance o r g a n i s a t i o n and operation and to reduce the con-
s t r u c t i o n costs. PST No.3 represents an intermediate s t a t i o n 
to l i f t i r r i g a t i o n water to the highest p r o j e c t area i n the west 
of approximately 14,000 cu.m. storage capacity. I t i s supplied 
by water of the elevated main r e s e r v o i r Rl f l o w i n g by g r a v i t y to 
the s t a t i o n , 
PST No.l supplies an area of 2,400 v i a the elevated main 
r e s e r v o i r Rl of more than 50,000 cu.m storage capacity. 
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PST No.2 w i t h one u n i t d i r e c t l y supplying the enclosed area south 
of about 550 ha. v i a a d i s t r i b u t i o n chamber only w i t h o u t storage 
capacity. 
Reservoirs Nos„ 1 and 2 are furnishe d w i t h electrodes 
c o n t r o l l i n g the corresponding pump u n i t s depending on the water-
l e v e l i n the elevated r e s e r v o i r s . With automatic gates at the 
o u t l e t of each r e s e r v o i r the ou t f l o w of i r r i g a t i o n water can be 
c o n t r o l l e d according to the requirements. 
The reasons why the f l o o d i r r i g a t i o n method was proposed 
are considered on (p.71). 
The s a l t s contents and the t e x t u r a l c h a r a c t e r i s t i c s of the 
p r o j e c t s o i l , the dry climate and the type of crops a l l determine 
the q u a n t i t y of water requirements f o r i r r i g a t i o n and leaching. 
This q u a n t i t y and q u a l i t y of the required water determine the 
capacity and s t r u c t u r e of the i r r i g a t i o n system. The capacity 
and s t r u c t u r e of the i r r i g a t i o n system has to be large and strong 
i n order to cope w i t h the re q u i r e d huge water q u a n t i t y , and a 
s p e c i f i c cement type has to be used due to the water q u a l i t y . 
The c r i t i c a l p o i n t of assured water supply t o p l a n t s , e s p e c i a l l y 
i n summer, demands stand-by systems and high q u a l i t y engineering 
s p e c i f i c a t i o n s . 
The bottleneck i n the i r r i g a t i o n system i s to guarantee the 
e l e c t r i c a l power supply f o r 16.0 hours a day to ensure u n f a i l i n g 
supply. These together determine the type and e f f i c i e n c y of the 
drainage system. These p o i n t s i l l u s t r a t e the way i n which 
environmental f a c t o r s s p e c i f i c to the p r o j e c t area i n f l u e n c e d and, 
i n p a r t , determined the p h y s i c a l layout and c o n s t r u c t i o n a l 
c h a r a c t e r i s t s of the i r r i g a t i o n system, which i n t u r n also became 
p h y s i c a l d e t e r m i n a n t s of other v a r i a b l e s . 
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3.6 Soil-water r e l a t i o n s h i p - leaching 
Due to the high content of s a l t s i n the s o i l p r o j e c t area, 
only r e l a t i v e l y s a l t t o l e r a n t p l a n t s can be c u l t i v a t e d and i n 
several areas of the p r o j e c t area d e l i b e r a t e leaching i s necessary 
before c u l t i v a t i o n . 
Except f o r the Wadi Meriam area i . e . Hosha Nos.16 and 17 of 
120.6 ha. ( F i g . No. 2.1.2) where s o i l i s not s a l i n e (1-3 mm hos/cm 
at 25°C f o r s o i l past e x t r a c t ) ; ^ 4 2' ) the r e s t of the p r o j e c t hoshas 
of 2162.98 ha. are s a l i n e s o i l , high to very high (5 to 138 
mm hos/cm at 25°C) Leaching requirements of hoshas and t h e i r 
sizes are shown i n Table No. 3.6.1 below:-
Table No. 3.6.1 
T 
Leaching r e q u i r e d Leaching not r e q u i r e d 
No. of Size of No. of Size of No. of Size of 
hosha hosha hosha hosha hosha hosha 
1 63.2 18 105.5 16 58. 8 
2 105.5 19 53.0 17 61.8 
3 77.9 20 98.0 
4 75.6 21 97.3 
5 75.3 22 79.5 
6 54.4 23 66.8 
7 30.1 24 67.1 
8 95.3 25 39.2 
9 66. 5 26 34.7 
10 69.5 27 40.8 
11 78.1 28 38.9 
12 31.6 29 45.1 
13 58.1 30 117.3 
14 44.4 31 109.5 
15 101.9 32 142.7 
1027.4 1135.4 120.6 
Total 2162.8 120. 6 
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Th e leaching water requirement was determined according to 
the formula LR = E C w x 100 - % 
ECdw 
Where:» LR leaching requirement 
ECw e l e c t r i c a l c o n d u c t i v i t y of i r r i g a t i o n 
water ( i n mm hos/cm). 
ECdw e l e c t r i c a l c o n d u c t i v i t y of drainage water. 
Accordingly LR = x 100 = about 50% of the water 
8 3 (44) 
consumption of the p l a n t s . 
The very high p e r m e a b i l i t y of the loess layer and high 
s o l u b i l i t y of the s a l t s make leaching possible since the drainage 
co n d i t i o n s could be made adequate, i f proper management i s a v a i l a b l e , 
accurate l e v e l l i n g can be performed and labourers are t r a i n e d etc. 
Without leaching, s a l i n i t y would remain a t a p r o h i b i t i v e l e v e l 
and t h e r e f o r e a number of s p e c i f i c requirements have to be met. 
F i r s t , not only c r e a t i n g a root zone f r e e of s a l t , but pushing the 
s a l t s i n t o a c r i t i c a l depth i n order to permit the commencement 
of the next a c t i v i t y i . e . reclamatory c u l t i v a t i o n . The t e c h n i c a l 
s p e c i f i c a t i o n s and the required works f o r leaching are shown 
on pp.126-131 .These, i n t u r n , d i c t a t e d a demand f o r a d d i t i o n a l 
labourers and experienced t e c h n i c i a n s . Secondly, there can be 
i d e n t i f i e d a feedback to the c o n s t r u c t i o n phase. The comparatively 
huge a d d i t i o n a l q u a n t i t y of leaching water requirements i . e . to 
pla n t water requirements and loss by evaporation and seepage 
necessitated the c o n s t r u c t i o n of large i r r i g a t i o n canals t o b r i n g 
the t o t a l r e q u i red water from one s i n g l e water resource to the 
whole p r o j e c t area, and the c o n s t r u c t i o n of large drainage ditches 
which w i l l d r a i n the water from every p a r t of the p r o j e c t area, 
concentrating the flow and c a r r y i n g i t to an area outside the 
p r o j e c t . Consequently the unavoidable c o n s t r u c t i o n s p e c i f i c a t i o n 
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of the i r r i g a t i o n canals and ditches r a i s e s the question of f i x e d 
and c u r r e n t c a p i t a l expenditure, technology and technicians t o 
c o n s t r u c t , operate and maintain them, as we s h a l l see i n 
Chapter f o u r . 
3.7 Drainage system ^ 4 5 ) (Fig.3.5.1) 
As we have seen leaching i s very e s s e n t i a l , yet to get r i d 
of the drained water i s j u s t as important as leaching. The ground 
water t a b l e must be kept below a s p e c i f i c depth, otherwise the 
c u l t i v a t e d p l a n t s w i l l not survive and r e - s a l i n a t i o n w i l l take 
place. For t h i s reason and due to the absence of good n a t u r a l 
drainage, i n s p i t e of s o i l p e r m e a b i l i t y the c o n s t r u c t i o n of an 
i n t e g r a t e d drainage system i s necessary. The t e c h n i c a l charac-
t e r i s t i c s of the drainage system may be summarised as f o l l o w s : 
Within the main system l a t e r a l drainage canals had to be 
constructed 135 m. to 150 m. apart. A d d i t i o n a l to the l a t e r a l 
drains are smaller f i e l d - d r a i n s being fed at r e g u l a r distances 
of 110 m. w i t h an average depth of 1.00 - 1.200 m. Sub-2 
intermediate drains c o l l e c t the water from the l a t e r a l s and 
t r a n s p o r t i t to the sub-1 drainage canals which i n t u r n d e l i v e r 
i t to the main d r a i n s . From there the water w i l l flow o f f 
through two p r i n c i p a l d r a i n s , dewatering i n t o Tauorga sebkha 
areas i n the North-East r e s p e c t i v e l y i n the South-East. 
Generally a l l drainage canals are dimensioned f o r flows 
of between 0.3 to 0.6 m/sec. A small number of bottom f a l l s were 
required i n the l a r g e r canals only, executed by p l a i n concrete. 
As w i t h the d i s t r i b u t i o n canals, the open drainage system re q u i r e s 
f u r t h e r c o n s t r u c t i o n of bridges and c u l v e r t s to carry the dense 
network of service roads as w e l l as various forms of p r o t e c t i o n 
against f l o o d erosion e t c . The reasons f o r choosing an open as 
opposed to a closed drainage system were s i m i l a r to those a f f e c t i n g 
the d i s t r i b u t i o n system, but the d e c i s i o n i t s e l f has f u r t h e r 
consequences i n determining the demand f o r maintenance. Even more 
than w i t h the d i s t r i b u t i o n canals, the open drains which are very 
r a r e l y completely dry are more d i f f i c u l t to keep c l e a r from 
growing plants or windblown s i l t and sand. 
Conclusion 
In t h i s chapter the most s i g n i f i c a n t p h y s i c a l f a c t o r s 
i n v o lved i n and a f f e c t i n g p r o j e c t implementation have been 
described and the i m p l i c a t i o n s of each f o r the establishment and 
operation of the p r o j e c t b r i e f l y i n d i c a t e d . Their i n t e r a c t i o n 
and r e l a t i o n s h i p to other f a c t o r s of production i s considered more 
f u l l y i n Chapters Four and Seven. 
Here one can i n d i c a t e the degree to which some of the 
p h y s i c a l f i x e d v a r i a b l e s can be evaluated f o r s i g n i f i c a n c e . 
F i r s t , the p r o j e c t i s based on i r r i g a t i o n a g r i c u l t u r e . The 
water f o r i r r i g a t i o n i s obtained from what i s e s s e n t i a l l y one 
s i n g l e source and consequently must be d i s t r i b u t e d over the farmed 
area i n an extensive i n t e g r a t e d network of d i s t r i b u t i o n canals. 
Secondly, since the s o i l s most s u i t a b l e i n terms of t e x t u r e l i e 
on the r i s i n g ground to the west of the Tauorga springs 
source water must t h e r e f o r e be pumped to the e l e v a t i o n of these 
higher western l e v e l s and some storage/balancing r e s e r v o i r s have 
to be b u i l t . T h i r d l y , the high but not extremely high evapo-
t r a n s p i r a t i o n r a t e s , together w i t h - and much more important ° 
the s o i l c h a r a c t e r i s t i c s of a high content of soluble s a l t s 
which have to be leached from the p l a n t root zone, set the 
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minimum l i m i t s f o r water a p p l i c a t i o n r a t e s . Further, not only 
the volume of water a p p l i e d , but also the method of a p p l i c a t i o n 
of f l o o d i r r i g a t i o n and the frequency of a p p l i c a t i o n , are governed 
by t h i s high leaching requirement, F o u r t h l y , since about 95% 
of the i r r i g a t e d area was v i r g i n land before the p r o j e c t s t a r t e d , 
land reclamation involved l e v e l l i n g i n order t o produce areas 
s u i t a b l e f o r f l o o d i r r i g a t i o n . The poor and s p a t i a l l y v a r i a b l e 
development of s o i l s t r u c t u r e and the shallowness of the upper 
horizons, i n some areas above the less permeable and lower n u t r i e n t 
content underlying m a r l s , i n many places r e s t r i c t e d the scale of 
l e v e l l i n g operations. Together w i t h the s p a t i a l d i s t r i b u t i o n of 
s o i l types i n the area t h i s determined the l o c a t i o n of the blocks 
of land f o r reclamation f o r i r r i g a t i o n a g r i c u l t u r e . F i f t h l y , an 
absolute necessity f o r the c o n s t r u c t i o n of an extensive i n t e g r a t e d 
network of drainage canals r e s u l t s from the a p p l i c a t i o n of water 
to meet the requirements noted above and the l i m i t e d v e r t i c a l 
i n f i l t r a t i o n through most s o i l and the higher water t a b l e i n the 
eastern zones of the p r o j e c t area. Used charged water has to be 
c o l l e c t e d and transported to land of less value outside the p r o j e c t 
area. 
Once the decision was made to e s t a b l i s h a r u r a l resettlement 
p r o j e c t on the basis of i r r i g a t e d a g r i c u l t u r e , those f i v e key 
f a c t o r s fundamentally i n f l u e n c e d a l l other aspects of design, 
c o n s t r u c t i o n and ope r a t i o n . 
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C H A P T E R F O U R 
ECONOMIC, SOCIAL AND ORGANISATIONAL 
FACTORS OF PRODUCTION 
Given a resettlement scheme based on productive i r r i g a t e d 
a g r i c u l t u r e on newly reclaimed land, one must now examine, i n the 
context of the land f a c t o r considered i n Chapter 3, the other 
f a c t o r s of prod u c t i o n . 
Since the p r o j e c t i s one i n v o l v i n g new r u r a l settlement 
the need arose f o r planning residences f o r the 300 c o l o n i s t 
farmers, together w i t h the p r o v i s i o n of b u i l d i n g s f o r the various 
s e r v i c e s , u t i l i t i e s e t c . t h a t were t o be provided t o underpin the 
p r o j e c t f o r the new community. The decision taken was t o b u i l d 
a c e n t r a l v i l l a g e which would accommodate a l l these f u n c t i o n s , 
to be loc a t e d on the main M i s u r a t a - S i r t road and approximately 
at the centre of the main reclaimed area. 
As we saw i n Chapter 3, large-scale leaching i s necessary 
before c u l t i v a t i o n ; t h i s i n t u r n r e q u i r i n g land l e v e l l i n g and the 
i n s t a l l a t i o n of a drainage system long before a c t u a l i r r i g a t e d 
c u l t i v a t i o n . 
The s o i l a l s o , we have noted, has poor s t r u c t u r e i n most 
of the p r o j e c t area, so i t i s i n need of reclamatory c u l t i v a t i o n 
which consequently lengthens the pe r i o d of c a p i t a l i n put f o r 
purchasing the necessary equipment, e.g. machinery,as the 
machinery purchased f o r the execution of the f i r s t phase cannot 
be used f o r a g r i c u l t u r a l purposes, and purchasing s p e c i f i e d 
seed which would produce b i g shoot systems to be ploughed 
under as a green manure e t c . as w e l l as making great p r e - p r o d u c t i 
phase demand f o r s p e c i a l i s e d labour. 
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For the p r o j e c t area the f l o o d i r r i g a t i o n method was 
proposed ( p. 71 ) This type of i r r i g a t i o n system , as o u t l i n e d 
i n Chapter 3 requires a considerable amount of c a p i t a l (Table 4.1.1) 
due to the f a c t t h a t i t i s necessary to l i n e a l l the i r r i g a t i o n 
canals w i t h concrete t o avoid severe water loss as w e l l as 
r e s a l i n a t i o n caused by s o i l p e r m e a b i l i t y , and canal s t r u c t u r a l 
damage caused by s o i l s which are mechanically weak when water-
logged and by erosion. The chosen i r r i g a t i o n f l o o d method also 
requires a large number of production f i e l d workers (Table 4.2.1) 
In general, the number of labourers f o r i r r i g a t i o n depends upon 
the crop, type of i r r i g a t i o n system and p l a n t i n g l a y o u t , e.g. 
s t r i p , basin or furrow. The leaching method necessitates a q u i t e 
considerable number of labourers, i n f a c t about 10 labourers/ha. 
per day to b u i l d up and strengthen the embankment of the s t r i p s 
r a i s i n g them to a height of more than 15 cm. Furthermore, i t 
became necessary t o d e t a i l 5 labourers per djosa ( c . l ha.) during 
the leaching processes i n order to c o n t r o l the water because of 
the poor s t r u c t u r e of the s o i l . The frequent breaking and cracking 
of the i r r i g a t i o n canals needed a force o f labourers (pp. 224-226) 
to c a r r y out the permanent maintenance of i r r i g a t i o n and drainage 
canals as w e l l as t o maintain the c e n t r a l v i l l a g e . 
Because of the G h i b l i , a h o t , dry desert wind, and the 
absence of p r o t e c t i o n from high mountains (pp.48-49 ) windbreaks 
became necessary. This r e q u i r e s the purchasing and t r a n s p o r t i n g 
of seedlings and c u t t i n g s and which i n t u r n necessitate d r i l l i n g 
holes f o r p l a n t i n g , and having channels and pumps f o r i r r i g a t i o n 
and f e r t i l i z a t i o n . The i r r i g a t i o n of the inner and outer windbreak 
trees requires labourers to supply and c o n t r o l water and f o r 
pruning. 
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A l t h o u g h t h e f a r m i n g system i n t h e p r o j e c t a t p r e s e n t i s 
r u n n i n g as one u n i t , o p e r a t i n g d i r e c t l y under government i n s t r u c t i o n , 
t h e p l a n assumed t h a t t h e h o l d i n g s would be d i s t r i b u t e d t o f a r m e r s 
t o be r u n as p r i v a t e e n t e r p r i s e s w i t h some management c o n t r o l 
by t h e government t h r o u g h t h e c o - o p e r a t i v e s o c i e t i e s e t c . T h i s 
d e c i s i o n t o e s t a b l i s h up t o 300 e v e n t u a l l y independent p r i v a t e 
farms has c l e a r i m p l i c a t i o n s n o t o n l y f o r t h e l a y o u t , but a l s o t h e 
management and o r g a n i s a t i o n o f p r o j e c t p r o d u c t i o n , m a r k e t i n g e t c . 
The complex processes by which t h e farmers have t o come t o 
terms w i t h p h y s i c a l and economical f a c t o r s i n o r d e r t h a t t h e i r 
e f f o r t s can be t r a n s f e r r e d i n t o goods or s e r v i c e s needs 
management ( p. 107 ) t o o r g a n i s e and c o n t r o l e x p l o i t a t i o n o f such 
s a l i n e s o i l i r r i g a t e d by s a l t w a t e r . F u r t h e r m o r e , such c o n d i t i o n s 
c a l l f o r s p e c i a l i s t 'know-how' f o r l e a c h i n g , r e c l a m a t i o n , machinery 
a p p l i c a t i o n and t h e c h o i c e o f t h e r i g h t c r op f o r t h i s p r o j e c t , 
c l i m a t i c a l l y s u i t a b l e and b e a r i n g i n mind t h e f u r t h e r r e s t r i c t i o n s 
imposed by s o i l and w a t er c o n d i t i o n s . A d m i n i s t r a t i v e arrangements 
are a l s o needed t o d e a l w i t h t h e payment o f wages, h e a l t h c o s t s , 
i n s u r a n c e e t c . t o l a b o u r e r s and employees. These- and o t h e r 
aspects o f f a c t o r s o f p r o d u c t i o n a r e examined below under f o u r 
main headings o f c a p i t a l , l a b o u r , human s k i l l s and management. 
4.1 C a p i t a l 
I n t r o d u c t i o n 
Resource e x p l o i t a t i o n r e q u i r e s b o t h minimum volumes o f 
e x p e n d i t u r e and c e r t a i n types o f e x p e n d i t u r e - as we s h a l l see. 
N o r m a l l y , i f such e x p e n d i t u r e i s i n c u r r e d i n o r d e r t o a c h i e v e 
v i a b l e p r o d u c t i v i t y , w i t h a l l t h a t t h i s i m p l i e s , we r e f e r t o i t 
as i n v e s t m e n t - w i t h an e x p e c t a t i o n o f some measurable r e t u r n . 
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The e x p l o i t a t i o n o f r e s o u r c e s i n o r d e r t o a c h i e v e o b j e c t i v e s 
w h i c h are n o t o n l y commercial and f i n a n c i a l may a l l o w t h e q u e s t i o n 
o f f u l l economic v i a b i l i t y e i t h e r t o be i g n o r e d o r g i v e n low 
imp o r t a n c e . As we s h a l l see i n Chapter 5 t h e Tauorga p r o j e c t 
o b j e c t i v e s i n c l u d e d g e n e r a l s o c i a l d e s i d e r a t a as w e l l as t h e spec-
i f i c p r o d u c t i o n o f m a r k e t a b l e commodities. T h i s i s n o t unusual 
i n L.D.C. development p r o j e c t s and t h e pro b l e m o f a p p l y i n g t h e 
d i s c i p l i n e o f c o s t - b e n e f i t r a t i o s i n such s i t u a t i o n s i s a common 
one. T h i s problem i s n o t c e n t r a l t o t h i s s t u d y and w i l l n o t , as 
such, be d e a l t w i t h . 
However, t h e f a c t t h a t t h e s t r i c t a p p l i c a t i o n o f t h e 
concept o f i n v e s t m e n t , i m p l y i n g a c a l c u l a b l e r e t u r n on t h a t 
i n v e s t m e n t , was n o t u t i l i s e d i n p r e - i n v e s t m e n t d e c i s i o n s , 
p r o j e c t d e s i g n and p r o j e c t i m p l e m e n t a t i o n a t Tauorga i s h i g h l y 
r e l e v a n t . The c a p i t a l f o r t h e p r o j e c t was s u p p l i e d by t h e 
L i b y a n s t a t e w h i c h has tended t o r e g a r d a l l revenue from whatever 
source as d i s p o s a b l e income, and, as w i t h many o t h e r o i l - e x p o r t i n g , 
c a p i t a l s u r p l u s s t a t e s ( A l - K u w a r i , 1978) has n o t drawn a v e r y 
c l e a r l i n e between c a p i t a l i n v e s t m e n t and c u r r e n t e x p e n d i t u r e . ^ 
As we s h a l l see, t h e absence o f any v e r y f i r m f i n a n c i a l o r 
economic d i s c i p l i n e has a f f e c t e d many aspects o f t h e p r o j e c t . 
I n t h e L i b y a n s i t u a t i o n , i n a g r i c u l t u r e i n t h i s case, t h e 
q u e s t i o n o f m a x i m i s i n g r e t u r n s and t h e r e f o r e t h e need f o r 
c a r e f u l l y e v a l u a t i n g i n v e s t m e n t o p p o r t u n i t i e s i n c l u d i n g r e s o u r c e 
e v a l u a t i o n , t h i s i n terms o f l i m i t e d c a p i t a l a v a i l a b i l i t y , d i d 
no t a r i s e . I n s t e a d t h e r e was t h e b a s i c a t t i t u d e o f c a p i t a l b e i n g 
a v a i l a b l e f o r e x p e n d i t u r e . The approach t h e r e f o r e was as f o l l o w s : 
(a) The i d e n t i f i c a t i o n o f an under-used r e s o u r c e , i n t h i s 
case unused water and l a n d . 
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( b ) To d e c l a r e t h a t t h i s w i l l be used f o r g e n e r a l socio-economic 
b e n e f i t s w i t h emphasis on h i g h e r q u a n t i t y and q u a l i t y o f consumption 
i . e . h o u s i n g , incomes, s e r v i c e s , e d u c a t i o n e t c . 
(c) To make t e c h n i c a l ( n o t i n v e s t m e n t / r e t u r n ) s t u d i e s o f what 
was needed f o r t h i s . 
(d) L a s t l y , t o a l l o c a t e c a p i t a l and t o employ i m p l e m e n t a t i o n 
a g e n c i e s . 
These p o i n t s c l e a r l y r e l a t e t o t h e n a t u r e o f approach t o 
l a n d f a c t o r as we have seen. E x p e n d i t u r e on t e c h n i c a l s t u d i e s , 
the d e s i g n o f i r r i g a t i o n , d r a i n a g e , c e n t r a l v i l l a g e , a g r i c u l t u r e 
l a n d p r e p a r a t i o n , e t c . were accepted as necessary f i x e d c o s t s 
w i t h no r e f e r e n c e t o r e t u r n s . T h i s e x p e n d i t u r e on a g r i c u l t u r e 
p h y s i c a l i n f r a s t r u c t u r e was d e t e r m i n e d by the nature of r e s o u r c e s and 
c h a r a c t e r i s t i c s o f environment, (see Chapter 3 \ Other e x p e n d i t u r e * 
on o t h e r i n f r a s t r u c t u r e s were open t o some c h o i c e , but the c h o i c e 
was l i m i t e d by s o c i a l element o f p o l i c y i„e. s u p e r i o r h o u s i n g , 
l a r g e a g r i c u l t u r e schemes, e t c . However, b e f o r e a n a l y s i n g t h e 
c a p i t a l a l l o c a t e d f o r t h i s p r o j e c t i t i s w o r t h d i s t i n g u i s h i n g 
between two types o f c a p i t a l e x p e n d i t u r e i n p u t s . 
1. F i x e d c a p i t a l : Those e x p e n d i t u r e s whose e f f e c t s and c o s t s 
are f a i r l y c o n s t a n t or change o n l y over a p e r i o d o f years w i t h 
change i n t e c h n o l o g y . J This t y p e o f c a p i t a l a f f e c t s t h e whole 
p r o j e c t and i t i s d i f f i c u l t t o a l l o c a t e c o s t s t o i n d i v i d u a l 
(31 
e n t e r p r i s e s . J Concerning the p r o j e c t under i n v e s t i g a t i o n t h i s 
t y p e o f f i x e d c a p i t a l i n c l u d e s items o f c o n s t r u c t i o n , e.g. t h e 
c e n t r a l v i l l a g e , i r r i g a t i o n system, d r a i n a g e system r e s e r v o i r s , 
pumps and machinery. I t becomes d i f f i c u l t and/or a r t i f i c i a l t o 
a t t e m p t t o r e l a t e n e t r e t u r n s t o i n d i v i d u a l e n t e r p r i s e s by s e t t i n g 
f i x e d c a p i t a l e x p e n d i t u r e a g a i n s t t o t a l p r o d u c t i o n . 
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2. C u r r e n t e x p e n d i t u r e s d i r e c t l y a f f e c t i n d i v i d u a l e n t e r p r i s e s 
(4) 
and t h e i r c o s t can t h e r e f o r e u s u a l l y be a l l o c a t e d more e a s i l y . 
They i n c l u d e seeds, f e r t i l i z e r s , chemicals and temporary l a b o u r e t c . 
Such c o s t s may be s u b t r a c t e d from t h e gross o u t p u t or t o t a l income 
per u n i t area from each e n t e r p r i s e t o a r r i v e a t t h e net income. 
The Libyan government accepted t h e r e s p o n s i b i l i t y t o s u p p l y 
f i n a n c e f o r a l l c a p i t a l e x p e n d i t u r e i n b o t h t h e f i r s t and second 
phases and t o s u b s i d i z e t h e t h i r d phase ( p r o d u c t i o n phase) b o t h 
i n c a p i t a l and c u r r e n t e x p e n d i t u r e terms. 
C a p i t a l A l l o c a t i o n 
1. The F i r s t phase - i n c l u d e d t h e s t u d y i n g o f water r e s o u r c e s 
and c l i m a t e , s o i l i n v e s t i g a t i o n and p l a n n i n g o f t h e p r o j e c t e t c . 
These c o s t about LD 150,000. ^ 
2. Second phase - Stage 1 - c o n s t r u c t i o n : t h e t o t a l o r i g i n a l 
v a l u e o f the c o n t r a c t amounted t o LD 7 m d i v i d e d i n t o : 
a) General works LD 2.1 m 
b) R e f o r m a t i o n works LD 3.9 m 
c) C e n t r a l v i l l a g e LD 1.0 m 
But, f i n a l v a l u e o f t h e c o n t r a c t i n c r e a s e d t o a t o t a l o f approx-
f 71 
i m a t e l y LD 8,300,000. J I t i s apparent t h a t t h e r e was about 
LD 1,300,000 expended more t h a n t h e o r i g i n a l a l l o c a t i o n v a l u e . 
Table No. 4,1.1 below shows t h e breakdown o f t h i s e x p e n d i t u r e 
Table No. 4.1.1 
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E x p e r i d i t u r e on second phase - Stage 1 
No. I t e m % o f p r o v i d e d 
money 
E x p e n d i t u r e 
o f c a p i t a l 
L.D. 
I I r r i g a t i o n , d r a i n a g e and l a n d 
p r e p a r a t i o n scheme 83.64 6,942,120 
I I Windbreak t r e e s 0.09 7,470 
I I I Employment and some fa r m houses 9.14 758,620 
IV Equipment f o r d r i n k i n g water 
s u p p l y 1.15 95,450 
V E l e c t r i c a l equipment f o r s u p p l y 
o f t h e f a r m area 3.60 2 98,800 
V I E s t a b l i s h m e n t o f t h e c e n t r a l 
v i l l a g e 2.38 197,540 
T o t a l 100.00 8,300,000 
Source:- Speetzen, H. Land S e t t l e m e n t P r o j e c t s and 
A g r i c u l t u r a l Development Ph.D. Thesis(1974^p.463. 
Items I I , IV and V were n o t t a k e n i n t o c o n s i d e r a t i o n w h i l e 
a l l o c a t i n g c a p i t a l and a l t h o u g h B o h e i r a Company s t a r t e d t o execute 
t h i s s t age i n 1970, t h e C o n s u l t a n t s - WAKUTI was asked t o r e t u r n 
t o s u p e r v i s e B o h e i r a Company on March 1972 and c o n s e q u e n t l y t h e 
c o s t f o r t h a t was n o t c o n s i d e r e d . F u r t h e r m o r e , the i n t e r n a t i o n a l 
i n c r e a s i n g o f p r i c e s o f c o n s t r u c t i o n m a t e r i a l s d u r i n g the o r i g i n a l 
and t h e p r o l o n g a t e d p e r i o d o f t h i s stage c o n t r i b u t e d t o over-
spending . 
3. Second phase - Stage 2 - as soon as t h e second phase - Stage 2 
o f t h e p r o j e c t , i n c l u d i n g l e a c h i n g , r e c l a m a t o r y c u l t i v a t i o n e t c . 
a l l necessary f o r t h e e s t a b l i s h m e n t o f a g r i c u l t u r e s t a r t e d , new 
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e x p e n d i t u r e and i n v e s t m e n t c a p i t a l was necessary f o r , e.g. machinery 
f o r a g r i c u l t u r a l p r o c e s s e s , seeds, f e r t i l i z e r s and wages e t c . a l l 
t h e c o s t o f w h i c h i s s u p p l i e d by t h e L i b y a n government. 
The e x p e n d i t u r e on t h i s r e g u l a r i n p u t i n c l u d e d b o t h 
f i x e d c a p i t a l (equipment, machinery e t c . ) and c u r r e n t e x p e n d i t u r e 
(over a p p r o x i m a t e l y 4 y e a r s ) on seeds, f e r t i l i z e r s , f u e l e t c . and 
c e n t r a l o p e r a t i o n s o f t h e p r o j e c t . 
The exact f i n a l c o s t s are n o t known because t h i s stage i s 
n o t y e t f i n i s h e d , b u t a t a p r e l i m i n a r y e s t i m a t i o n i t i s about 
LD 2.619 m . ^ Es t i m a t e d breakdown o f those c o s t s a r e shown i n 
Table No. 4.1.2 below: 
Table No. 4.1.2 E x p e n d i t u r e on second phase - Stage 2 
I tern Cost L.D. Remarks 
Machinery 
C o n s u l t a n t O f f i c e - WAKUTI 
515,200 
132,000 P e r i o d from March 
1975 - March 1977 
T o t a l f i x e d c a p i t a l 64 7,200 
F e r t i l i z e r 134,274.5 
Seeds 171,720 
Fuel 86,400 
Labourers 929,695 
Agronomists - foremen 300,033 
A d m i n i s t r a t i v e s 98,713 
D r i v e r s 152,703 
T e c h n i c a l s t a f f 99,000 
T o t a l c u r r e n t c a p i t a l 1,972,538.5 
Grand T o t a l 2,619,738.5 
- 9 1 -
F u r t h e r m o r e , i n J u l y 1977, the o t h e r items shown i n Table 
No. 4.1.3 appeared t o be necessary. These were e i t h e r o r i g i n a l l y 
n o t c o s t e d , such as i t e m No, \ the r e s u l t o f m o d i f i c a t i o n s such as 
e n l a r g i n g c a p a c i t y such as i t e m No. 2 and p a r t o f i t e m No.3, 
or f o r purpose o f p r o t e c t i o n such as t h e o t h e r p a r t o f i t e m No. 3. 
Table No.4.1.3 
No. Item Value L.D. 
1 E s t a b l i s h m e n t o f s o i l a n a l y s i s 
L a b o r a t o r y 88,651.810 
2 E s t a b l i s h m e n t o f machinery 
warehouse and p r o t e c t o r 59,737.715 
3 E s t a b l i s h m e n t o f w a l l s around 
the s p r i n g s and t h e houses 59,607.900 
4 E s t a b l i s h m e n t o f t h e r e m a i n i n g 
200 s e t t l e d houses . 965,617.5 
T o t a l 1,173,614.9 
Source: The Libyan S e c r e t a r i a t o f A g r i c u l t u r e 
Achievement o f the R e v o l u t i o n 
from Sept. 1969-Sept. 1978, ( " T r i p o l i 1978),p.l32 
4. P r o d u c t i o n phase - At t h e end o f and o v e r l a p p i n g w i t h second 
phase - stage 2 was t h e planned t a k e o v e r by t h e s e t t l e r s and t h e 
p r o d u c t i o n phase. Based on L i b y a n a g r i c u l t u r e p o l i c y i n s i m i l a r 
r e c l a m a t i o n and s e t t l e m e n t p r o j e c t s such as t h e Hadhba Khdra 
s e t t l e m e n t p r o j e c t (5 km. s o u t h o f T r i p o l i ) i t was expected t h a t 
when the Tauorga p r o j e c t l a n d i s d i s t r i b u t e d t h e s e t t l e r s w i l l 
be s u p p o r t e d by an a g r i c u l t u r e c o o p e r a t i v e s o c i e t y , f i n a n c i a l l y 
s u p p o r t e d by t h e government t h r o u g h t h e a g r i c u l t u r a l banks. The 
a g r i c u l t u r e c o o p e r a t i v e s o c i e t y budget would be based on t h e 
f o l l o w i n g income*- J 
1. C o n t r i b u t i o n s o f or l e v i e s on p a r t i c i p a n t s i n t h e e n t e r p r i s e 
i . e . p a i d by t h e farmers (members o f t h e a g r i c u l t u r e c o o p e r a t i v e 
s o c i e t y ) . 
2. Charges made by t h e a g r i c u l t u r e c o o p e r a t i v e s o c i e t y t o 
farmers a g a i n s t work executed f o r them, based on p e r l a n d u n i t 
or on a p e r c e n t a g e b a s i s o f c o s t a g a i n s t t r a n s p o r t based on a 
p ercentage b a s i s o f c o s t s . 
3. Loans fr o m the a g r i c u l t u r e banks. 
4. Subsidy f r o m M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform. 
I n p r i n c i p l e s u b s i d y i s p a i d m a i n l y d u r i n g t h e p e r i o d o f 
e s t a b l i s h i n g t h e a g r i c u l t u r e c o o p e r a t i v e s o c i e t y . 
5. The 31 commission w h i c h t h e a.c.s. r e t a i n e d as i n v e s t m e n t 
s a v i n g f o r p r o d u c e r s . 
As n o t e d on p. 91 t h i s would conform w i t h e x i s t i n g g e n e r a l 
p o l i c y s t a t e m e n t s and t h e p r a c t i c e t e n a b l e a t Hadhba Khadra 
a g r i c u l t u r a l p r o j e c t . At Tauorga t h e e f f i c a c y o f t h i s way o f 
meeting c e n t r a l r e c u r r e n t e x p e n d i t u r e can n o t be e v a l u a t e d y e t . 
Concerning t h e e x p e n d i t u r e , c o s t s o f t h e c o n s t r u c t e d c e n t r a l 
v i l l a g e , d r a i n a g e system, i r r i g a t i o n system, equipment, machinery, 
r e c l a m a t i o n , o p e r a t i o n s c e n t r a l a d m i n i s t r a t i o n and management e t c . 
are p a i d by t h e L i b y a n government. 
The f i r s t and second phase (Tables 4.1.1 - 4.1.3) t o t a l 
e x p e n d i t u r e i n c u r r e d i s e s t i m a t e d by t h e end o f 1977 a t 
L.D. 12,243,352, t h i s t o b r i n g 3,000 ha. o n l y p a r t i a l l y i n t o a 
s t a t e ready f o r handing over t o s e t t l e r s , i . e . about 
L.D. 4,081.12 per ha. 
The L i b y a n government charges no i n t e r e s t on c a p i t a l 
e x p e n d i t u r e , e i t h e r f i x e d or c u r r e n t , n o t on g r a n t s or s u b s i d y 
or o t h e r c e n t r a l e x p e n d i t u r e expected. Moreover, t h e s e t t l e r s 
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would be p r o v i d e d w i t h f r e e h o u s i n g and would pay o n l y 25% of 
the b a s i c c o s t s o f t h e l a n d h o l d i n g s . The a c t u a l terms of 
repayment by s e t t l e r s w i l l never be known s i n c e a l l o c a t i o n has 
not taken p l a c e . 
CONCLUSION 
1) The f i r s t a l l o c a t i o n o f c a p i t a l f o r the second phase -
stage 1 was meant t o be s p e c i f i c , b u t due t o t h e absence of 
a c c u r a t e e s t i m a t i o n o f the r e q u i r e d c a p i t a l and due t o t h e poor 
f o r e c a s t i n g o f r e q u i r e d c o n s e q u e n t i a l works, and due t o d e l a y 
i n c o n s t r u c t i o n as p r i c e s i n c r e a s e d , t h i s s p e c i f i c a l l o c a t i o n 
t u r n e d t o be open-ended. 
2) A c t u a l e x p e n d i t u r e o v e r - r a n sums a l l o c a t e d t o phase 2 -
stage 1 and an a d d i t i o n a l L.D. 1,300,000 was r e q u i r e d ; a f u r t h e r 
a d d i t i o n a l o f L.D. 1,173,614.9 was r e q u i r e d t o complete t h e 
p r o j e c t c o n s t r u c t i o n . I n L i b y a , abundant o i l revenue managed 
t o overcome t h i s problem, b u t f o r o t h e r c o u n t r i e s i t m i g h t make 
i t i m p o s s i b l e t o complete c o n s t r u c t i n g t h e p r o j e c t . F u r t h e r m o r e , 
i f i t i s a p p a r e n t l y easy today f o r L i b y a t o overcome t h e problem 
o f f i n d i n g c a p i t a l , i t i s a c h i e v e d o n l y by r u n n i n g down t h e 
c a p i t a l r e s o u r c e , non-renewable o f o i l . 
3) G i v i n g f r e e houses and c h a r g i n g t h e s e t t l e r s o n l y 25% 
o f the farms e x p e n d i t u r e c o s t s and t h e p r o v i s i o n o f g r a n t s , loans 
s u b s i d i e s e t c . w i t h o u t i n t e r e s t or a concern about r e t u r n on f i x e d 
e x p e n d i t u r e s are d e s t r o y i n g t h e o p p o r t u n i t y o f c a p i t a l g e n e r a t i o n . 
4) The t o t a l e x p e n d i t u r e c o s t t o b r i n g one h e c t a r e i n t h e 
Tauorgan p r o j e c t , i n t o a s t a t e ready f o r handing over t o s e t t l e r s 
so f a r , i s about L.D. 4081.12; t h i s f i g u r e i s 76% more tha n t h e 
e x p e n d i t u r e c o s t s o f a h e c t a r e i n Hadhba Khadra p r o j e c t i . e . 
L.D. 2310 per h e c t a r e . (-12-) 
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Th e wide d i f f e r e n c e o f e x p e n d i t u r e between those two 
p r o j e c t s i s m a i n l y due t o the n a t u r e o f t h e s o i l and s u r f a c e geology, 
F i r s t , t h e Tauorga p r o j e c t s u f f e r s from problems o f s i n k - h o l e s 
which do n o t e x i s t i n the o t h e r p r o j e c t . Secondly, l e a c h i n g 
processes i n the Hadhba Khadra were more e f f e c t i v e t h a n i n the 
f 13") 
Tauorga p r o j e c t because t h e s o i l t e x t u r e v J i n t h e former i s 
sandy s i l t , t h e sand f r a c t i o n composing between 85-90% by volume 
w h i l e t h e s o i l t e x t u r e i n Tauorga i s v a r i e d ( p . 52 ) , b u t almost 
everywhere l e s s permeable. 
4.2 Labour 
T h e o r e t i c a l l y , l a b o u r i s a h i g h l y d i v i s i b l e f a c t o r o f 
r 14) 
p r o d u c t i o n as i t s i n p u t may be v a r i e d i n s e v e r a l d i f f e r e n t ways 
1. I n u n i t s o f one wh o l e - t i m e worker. 
2. By t h e use o f p a r t - t i m e p e r s o n n e l . 
3. The r e g u l a r l a b o u r f o r c e may work o v e r t i m e or s h o r t - t i m e . 
4. Casual l a b o u r may be employed. 
5. A f i r m t h a t has excess work i n hand may s u b - c o n t r a c t 
some j o b s . 
I n p r a c t i c e , however, l a b o u r i n p u t i s l e s s d i v i s i b l e t h a n 
t h i s c l a s s i f i c a t i o n would suggest, p a r t i c u l a r l y on s m a l l farms 
w i t h s i n g l e household s e t t l e r h o l d e r s . i n such cases t h e 
farmer has l i t t l e room f o r manoeuvre as each f a m i l y member o f 
h i r e d l a b o u r e r r e p r e s e n t s a s i z e a b l e p r o p o r t i o n o f t h e t o t a l 
work f o r c e , and i n t h e case o f t h e f a m i l y member cannot be t r e a t e d 
as a t i m e - v a r i a b l e employee. The l a b o u r c l a s s i f i c a t i o n w h i c h 
w i l l be a p p l i e d here i s as f o l l o w s , t h i s e x c l u d i n g s k i l l e d 
t e c h n o l o g i s t s , managers and a d m i n i s t r a t o r s : 
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1. Farm p r o d u c t i o n workers: 
a) The r e q u i r e d number o f c a n d i d a t e s e t t l e r s . 
b) Permanent, f u l l t i m e , a g r i c u l t u r a l l a b o u r e r s , who c o u l d be 
employed by the s e t t l e r s i f r e q u i r e d . 
c) Casual a g r i c u l t u r a l l a b o u r e r s , who w i l l be employed 
by t h e s e t t l e r s i f r e q u i r e d . 
2. Permanent a g r i c u l t u r a l b u t non-farming l a b o u r f o r c e f o r 
o p e r a t i n g t h e i r r i g a t i o n system, maintenance o f t h e p r o j e c t e t c . 
3. N o n - a g r i c u l t u r a l l a b o u r f o r c e such as t h a t r e q u i r e d f o r 
s o c i a l s e r v i c e s e t c . 
Except f o r 1 b and c above, w h i c h w i l l be c o n s i d e r e d i n 
Chapter No. 5 a l l items above w i l l be t r e a t e d i n t h i s s e c t i o n . 
The l e v e l o f l a b o u r i n p u t per u n i t o f l a n d or c a p i t a l 
depends on i t s a v a i l a b i l i t y , i t s c o s t and t h e need t o achi e v e a 
g i v e n l e v e l o f o u t p u t . 
D i f f e r e n t numbers and l e v e l s o f s k i l l o f workers were r e q u i r e d 
t o execute the d i f f e r e n t phases o f t h i s p r o j e c t are as f o l l o w s : 
F i r s t phase: About 24 workers were r e q u i r e d d u r i n g t h i s phase 
t o c a r r y o u t s o i l s ampling by augers, d i g g i n g s o i l p r o f i l e s e t c . 
These l a b o u r e r s were employed as f u l l t i m e and t h e i r employment 
e x p i r e d when t h i s phase was completed. 
Second phase - Stage 1: About 700 l a b o u r e r s , b o t h E g y p t i a n and 
L i b y a n , were employed as f u l l t i m e l a b o u r e r s t o p e r f o r m t h i s s t a g e . ^ 
Except f o r 240 o f t h e E g y p t i a n l a b o u r e r s t h e employment o f t h e 
r e s t e x p i r e d when t h i s stage was almost completed. Most o f t h e 
Li b y a n l a b o u r e r s c o n t i n u e d t o work i n t h e p r o j e c t as t h e n e x t 
stage s t a r t e d . 
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Second phase ° Stage 2: For t h e e x e c u t i o n o f t h i s s t age t h e r e 
were needed about 58 2 l a b o u r e r s o f t h r e e d i f f e r e n t n a t i o n s i . e . 
L i b y a n s , E g y p t i a n s and T u n i s i a n s . 
Some o f the Libyan l a b o u r e r s w o r k i n g a t t h i s stage on t h e 
p r o j e c t were planned t o be the far m e r s o f the f u t u r e i . e . t h e 
s e t t l e r s based on the p r o v i s i o n s o f t h e law No«123 f o r t h e 
year 1970 (pp 43-44) . 
P r o d u c t i o n phase: I n t h i s phase the r e q u i r e d number and d u t i e s 
o f t he permanent a g r i c u l t u r a l and n o n - a g r i c u l t u r a l l a b o u r e r s can 
o n l y be e s t i m a t e d s i n c e f u l l p l a n i m p l e m e n t a t i o n d i d not occur. 
However, a t t e n t i o n i n t h i s s e c t i o n w i l l be c o n c e n t r a t e d on 
l a b o u r e r s f o r phase 2 - stage 2. 
There are about 582 l a b o u r e r s employed f o r phase 2 - stage 2 
who are d i s t r i b u t e d on t h e f o l l o w i n g t a s k s as shown i n Table 
No. 4.2.1 
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Table 4.2.1 Labourers employed f o r t h e Second phase - Stage 2. 
Ite m 
No. o f 
l a b o u r -
ers 
Remarks 
1 I r r i g a t i o n - 8 l a b o u r e r s 
per Hosha 
256 Labourers c o u l d be 
t r a n s f e r r e d t o 
another e n t e r p r i s e 
such as l e a c h i n g o r 
l o a d i n g and un-
l o a d i n g f e r t i l i z e r s 
2 Leaching 120 
3 Windbreaks 
a) I n n e r windbreaks 
b) Outer windbreaks 
32 
45 
4 Main and s u b - l - i r r i g a t i o n 
c a n a l s and r e s e r v o i r c o n t r o l 13 
5 Unl o a d i n g and l o a d i n g b a l e s 6 
6 A t t e n d a n t s on b a i l e r s 10 
7 Pump s t a t i o n s , workshop, s t o r e 
and t r e e s 13 
8 Labourers' foremen 8 
9 St o r e l a b o u r e r s 6 
10 
11 
Water c l e a n e r s ( t o get r i d o f 
grasses t o a v o i d damage t o 
pumps) 
L a b o r a t o r y l a b o u r e r s 
5 
6 
12 Maintenance l a b o u r e r s 
a) team f o r j o i n t s e a l i n g 
m a t e r i a l 
b) " " e a r t h works 
c) " " c o n c r e t e 
62 TPSC l a b o u r e r s 
T o t a l 582 
A l l l a b o u r e r s , except i n i t e m 1 2 ( r e f e r s t o TPSC 
maintenance work), have annual c o n t r a c t s as farm workers w i t h 
the GCMAP which u n d e r t o o k t h e e x e c u t i o n o f t h i s s t a g e . Of t h e 
582 l a b o u r e r s i n t o t a l , 325 were L i b y a n , 240 E g y p t i a n and 
17 T u n i s i a n i . e . over 41% o f t h e l a b o u r e r s were non-Libyan. 
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Labourers s a l a r y l e v e l s o f L.D.75 and L.D. 60 per month were 
f i x e d by t h e government as a minimum wage f o r t h e L i b y a n and 
non-Libyan r e s p e c t i v e l y . The L.D. 75 r a t e was l i a b l e t o t h e 
f 17") 
f o l l o w i n g d e d u c t i o n . 8% income t a x , 3% Jehad t a x and 0.51 
h e a l t h and s o c i a l i n s u r a n c e payment l e a v i n g about L.D. 64.98 
per month ( f o r u n m a r r i e d c h i l d l e s s w o r k e r s ) as net wage. The 
t o t a l wage b i l l f o r l a b o u r e r s i n t h e second phase - stage 2 was 
L.D. 929,695 i n t o t a l (see Table 4.1.3) The poor a v a i l a b i l i t y 
o f s k i l l e d and s p e c i a l i z e d workers reduced p r o d u c t i v i t y per 
head and madenecessary a n u m e r i c a l l y l a r g e l a b o u r f o r c e - t h e r e 
i s a T u r k i s h p r o v e r b "He who h i r e s cheap, h i r e s dear.'". I n a d d i t i o n , 
the s e a s o n a l i t y of a g r i c u l t u r a l processes and c l i m a t i c c o n d i t i o n s 
produced p e r i o d s o f peak demand e.g. p r e - i r r i g a t i o n , l e v e l l i n g , 
l e a c h i n g , sowing e t c . produced a l a r g e a d d i t i o n a l wage b i l l f o r 
o v e r t i m e . Except f o r the e x p a t r i a t e c o n t r a c t l a b o u r e r s t h e r e s t 
were L i b y a n n a t i o n a l s on l o c a l c o n t r a c t w o r k i n g f o r the company; 
the h i r i n g o f e x p a t r i a t e l a b o u r e r s however d i d n o t mean t h a t 
t h e r e were n e c e s s a r i l y no l a b o u r e r s a v a i l a b l e i n the Tauorga a r e a , 
on the c o n t r a r y the Tauorga p o p u l a t i o n was t h e n about 8,698 
(Table 3.2.1) and i t then appeared t h a t new p r o j e c t o p p o r t u n i t i e s 
would a t t r a c t workers. 
Here i t becomes necessary t o d i s t i n g u i s h between t h e types 
o f demand f o r L i b y a n l a b o u r , i . e . c a n d i d a t e s e t t l e r s , permanent 
a g r i c u l t u r a l l a b o u r e r s and n o n - a g r i c u l t u r a l l a b o u r needed f o r 
t h i s p r o j e c t . 
Table No. 4.2.1, items Nos. 3, 4, 7, 9, 10, 11 and 12 show 
the t o t a l number needed as permanent p r o j e c t a g r i c u l t u r a l 
l a b o u r e r s as 182. S i n c e , however, t h e t o t a l number o f L i b y a n 
l a b o u r e r s i n t h e p r o j e c t was o n l y 325, t h i s l e f t o n l y 143 
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l a b o u r e r s who c o u l d be c o n s i d e r e d as p o t e n t i a l s e t t l e r s , con-
t r a s t i n g w i t h t h e government p o l i c y o f f i n d i n g 300 f a r m e r f a m i l i e s 
f rom t h e Tauorga r e g i o n . We t h e r e f o r e have t o c o n s i d e r t h e 
Tauorga r e g i o n p o p u l a t i o n as a p o t e n t i a l l a b o u r s u p p l y . T o t a l l i n g 
some 8,698 i n h a b i t a n t s (Table 3.2.1), 45.7%* c o u l d be assumed t o be 
o l d e r t h a n 18 y e a r s . I f we a p p l y t h e 1973 v i t a l s t a t i s t i c s 
i n f o r m a t i o n o f a male sex r a t i o p e r 100 females o f about 108.7% 
t h i s would l e a d t o t h e c o n c l u s i o n t h a t t h e s i z e o f a d u l t male 
l a b o u r p o o l i n Tauorga r e g i o n was 2,158. Given the underemployment 
noted i n the e a r l y surveys (see Chap.2) i t s h o u l d have been p o s s i b l e 
t o f i n d a n o t h e r 157 farmers and a f u r t h e r 100 l a b o u r e r s t o f u l f i l 
t h e r e q u i r e d number o f 582 from t h e Tauorga r e g i o n . T h e o r e t i c a l l y 
a l l 257 c o u l d have been a g r i c u l t u r a l i s t s as t h e r e were 1,156 
a g r i c u l t u r a l h o l d e r s out o f t h e a d u l t male l a b o u r p o o l . 
I n s p i t e o f t h i s h y p o t h e t i c a l a v a i l a b i l i t y i n t h e Tauorga 
r e g i o n , a s h o r t a g e o f l a b o u r was e x p e r i e n c e d i n t h e m i d d l e o f 
1977 when t h e E g y p t i a n and T u n i s i a n l a b o u r e r s l e f t t h e c o u n t r y 
(p.224 ) . 
Labourers f o r n o n - a g r i c u l t u r a l s e r v i c e s e.g. e l e c t r i c a l 
work, c l e a n i n g and o t h e r s o c i a l p r o v i s i o n , would a l s o be r e q u i r e d . 
I t was assumed t h a t they would be p r o v i d e d by t h e e l e c t r i c a l 
a u t h o r i t y o f Tauorga, c l e a n i n g would be the r e s p o n s i b i l i t y o f t h e 
m u n i c i p a l i t y o f M i s u r a t a , h e a l t h s e r v i c e s i n the h o s p i t a l i n t h e 
c e n t r a l v i l l a g e by t h e Department o f H e a l t h o f M i s u r a t a and t h e 
post o f f i c e s e r v i c e s by t h e p o s t a l and w i r e l e s s communication 
of M i s u r a t a . Thus t h e c e n t r a l v i l l a g e s e r v i c e s of a non-
a g r i c u l t u r a l k i n d w i l l be s u p p l i e d t h r o u g h a m u n i c i p a l i t y t y p e 
*Worked from percentage d i s t r i b u t i o n o f t o t a l p o p u l a t i o n , urban 
and r u r a l p o p u l a t i o n by sex and age groups, 1973 (18) 
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arrangement and i n t e g r a t e d w i t h r e g i o n a l p r o v i s i o n o f these 
s e r v i c e s . However, no manpower need assessment was made and i t 
was merely assumed t h a t t h e workers would be f o r t h c o m i n g . U n f o r t -
u n a t e l y the once°for°all e x p e n d i t u r e on l a b o u r e r s on the f i r s t 
phase and t h e second phase ° stage 1 i s n o t known, b u t c e r t a i n l y 
was t o t a l l y covered by the government. Concerning t h e c u r r e n t 
e x p e n d i t u r e on l a b o u r e r s i n the second phase - stage 2: 
A. P a r t o f t h i s i s 'once f o r a l l ' e x p e n d i t u r e i n f i n a l p r e p a r -
a t i o n o f l a n d and t h e e s t a b l i s h m e n t o f farms i 0 e . L.D.929,694, 
35.5% o f t h e grand t o t a l o f the e x p e n d i t u r e on phase 2 » stage 2 
so f a r . 
B. P a r t w i l l be permanent r e c u r r e n t e x p e n d i t u r e i n the p r o v i s i o n 
o f s e r v i c e s t o the a g r i c u l t u r e p r o d u c t i o n s e c t o r o f p r o j e c t as 
the p r o d u c t i o n phase s t a r t s . 
i ) Permanent l a b o u r e r s mentioned i n Table 4.2.1 i t e m Nos. 4, 5, 7 
and 9-12, i . e . 182 l a b o u r e r s . 
i i ) 20 permanent l a b o u r e r s f o r a g r i c u l t u r e p r o d u c t i o n s e r v i c e s 
who w i l l be r e q u i r e d f o r s t o r i n g , m a r k e t i n g and c e n t r a l h a n d l i n g . 
i i i ) 15 permanent n o n - a g r i c u l t u r e l a b o u r e r s f o r s o c i a l s e r v i c e s . 
As f a r as t h e c o s t o f a g r i c u l t u r a l l a b o u r e r s i n t h e second 
phase • stage 2 e x p e n d i t u r e s (A above) t h i s was covered by t h e 
L i b y a n government and no r e t u r n s were expected i . e . was w r i t t e n 
o f f . Of course t h e r e were s e v e r a l b e n e f i t s such as t h e e x p e r i e n c e 
which the l a b o u r e r s were g a i n i n g i s h i g h l y advantageous f o r , and 
o n l y f o r , those l a b o u r e r s who would become farm e r s and w h o l l y 
be r e q u i r e d f o r permanent l a b o u r farm and f a r m e r s ; and a l s o t h e 
s o i l improvement i n some p a r t s o f t h e p r o j e c t . 
-101-
But, how would t h i s permanent n o n - a g r i c u l t u r a l and agric° 
u l t u r a l r e c u r r e n t e x p e n d i t u r e on l a b o u r e r s as d i s t i n c t f rom farmers 
c a n d i d a t e s e t t l e r s be met i n the f u t u r e ? 
The 15 permanent non°agricultural l a b o u r e r s ( i i i ) above 
would be p a i d by a u t h o r i t i e s t o whic h t h e y b e l o n g . The permanent 
a g r i c u l t u r a l r e c u r r e n t e x p e n d i t u r e on about 182 l a b o u r e r s ( i ) above 
and the 20 permanent l a b o u r e r s ( i i ) above would be p a i d by t h e 
a g r i c u l t u r e c o o p e r a t i v e s o c i e t y . 
However, when t h e second phase - stage 2 would be completed 
t h e p r o d u c t i o n phase would s t a r t and new l a b o u r e r s w i t h new 
d i f f e r e n t s p e c i f i c s k i l l s would be r e q u i r e d . The expected l a b o u r 
f o r c e r e q u i r e m e n t s f o r the p r o d u c t i o n phase was the n as f o l l o w s : -
1) 300 f a r m e r s , c a n d i d a t e s e t t l e r s . 
2) 900 permanent a g r i c u l t u r a l l a b o u r e r s t o be employed by 
the s e t t l e r s (pp.194-198). 
3) 202 permanent a g r i c u l t u r a l l a b o u r e r s i . e . 182 l a b o u r e r s 
mentioned under i t e m Nos. 4, 5, 7 and 9-12 i n Table 4.2.1, 
and 20 l a b o u r e r s f o r a g r i c u l t u r e p r o d u c t i o n s e r v i c e s . 
4) 15 permanent n o n - a g r i c u l t u r a l l a b o u r e r s f o r s o c i a l s e r v i c e s 
Thus t h e o v e r a l l r e q u i r e d number f o r t h i s phase was 1,417 l a b o u r e r s 
t h i s means t h a t an a d d i t i o n a l 835 permanent l a b o u r e r s must be 
s u p p l i e d over and above the e x i s t i n g 582 l a b o u r e r s . 
SUMMARY AND CONCLUSION 
1) The 582 l a b o u r e r s i d e n t i f i e d i n Table 4.2.1 as w o r k i n g on 
th e second phase ° stage 2 h y p o t h e t i c a l l y c o u l d have been drawn 
from t he a d u l t male l a b o u r p o o l i n Tauorga r e g i o n i . e . 2158 
and t h e r e was a p o s s i b i l i t y t h a t t h e y c o u l d be a g r i c u l t ^ ^ ^ _ e ' v ^ \ 
(( 11 AUG198I )) 
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drawn from t he 1,156 a g r i c u l t u r a l i s t s i n the r e g i o n . 
2) The q u e s t i o n a r i s e s why th e n were t h e r e 257 E g y p t i a n and 
T u n i s i a n l a b o u r e r s employed i n the p r o j e c t ? The e x p l a n a t i o n can 
be found i n the f o l l o w i n g d e f i n i t i o n and e x p l a n a t i o n : 
"Labour economists now d e f i n e t h e s u p p l y o f l a b o u r as t h e 
(19) 
amount o f work s u p p l i e d by a g i v e n p o p u l a t i o n " 
The amount of l a b o u r s u p p l i e d by a g i v e n p o p u l a t i o n depends 
on f o u r f a c t o r s 
1„ The l a b o u r - f o r c e p a r t i c i p a t i o n r a t e . 
2. The number o f hours people are w i l l i n g t o work per week 
or per year w h i l e they are i n t h e l a b o u r f o r c e . 
3. The amount o f e f f o r t workers p u t f o r t h w h i l e a t work. 
4. The l e v e l o f t r a i n i n g and s k i l l t h a t workers b r i n g 
t o t h e i r j o b s . 
3) The f u r t h e r r e q u i r e m e n t o f 835 l a b o u r e r s f o r t h e p r o d u c t i o n 
phase ag a i n was h y p o t h e t i c a l l y p o s s i b l e t o draw from t h e a d u l t 
male l a b o u r p o o l o f the Tauorga r e g i o n . But the o v e r a l l r e q u i r e d 
number, except n o n - a g r i c u l t u r a l l a b o u r e r s , i . e . 1,402 f i r s t , 
exceeds t h e t o t a l number o f a g r i c u l t u r e h o l d e r s i n the Tauorga 
r e g i o n and s e c o n d l y , i t i s n o t r e a l i s t i c t o assume t h a t a l l t h e 
a g r i c u l t u r e h o l d e r s w i l l be i n t e r e s t e d i n w o r k i n g as a g r i c u l t u r a l 
workers i n the p r o j e c t ; thus those l a b o u r e r s who might be found 
from t h e Tauorga r e g i o n were bound t o i n c l u d e many w i t h o u t f a r m i n g 
e x p e r i e n c e , making s e l e c t i o n and t r a i n i n g even more v i t a l . 
C l e a r l y , t h e assumption made i n t h e e a r l i e r p l a n s and 
d e s i g n c o n c e r n i n g a l l aspects o f l a b o u r demand and s u p p l y were n o t 
v a l i d . As we s h a l l see i n Chapter 5 t h i s m i s c a l c u l a t i o n i t s e l f had 
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severe e f f e c t s on t h e p r o j e c t , a l t h o u g h a g a i n we s h a l l never know 
how the s h o r t a g e o f s e t t l e r f a r m e r s would have been d e a l t w i t h 
because f o r a complex number o f reasons, i n c l u d i n g l a b o u r , l a n d 
a l l o c a t i o n s were never made. 
Most o f t h e 32 5 L i b y a n manual farm workers i n the p r o j e c t 
were q u e s t i o n e d about whether t h e y would l i k e t o be s e t t l e r s i n 
th e completed p r o j e c t and t h e i r answers were: 
a. 70% o f them would l i k e t o be s e t t l e r s . 
b. 301 d i d n o t w i s h t o be s e t t l e r s i n g e n e r a l because t h e y 
do n o t l i k e t o be r e s t r i c t e d and t h e y b e l i e v e d t h a t a f t e r some 
t r a i n i n g i n t h e p r o j e c t e.g. t r a c t o r d r i v i n g o r o t h e r machinery, 
t h e y c o u l d get b e t t e r s a l a r i e s i n o t h e r c o n s t r u c t i o n works. 
However, 95% o f t h a t 30% would w i s h t o be farmers p r o v i d e d 
t h a t under t h e p r o j e c t l a n d d i s t r i b u t i o n , t h e y would be g i v e n 
farms o f t h e i r own and o p e r a t e them i n t h e way th e y l i k e d . However, 
a c c o r d i n g t o t h e o b s e r v a t i o n s made on t h e s i t e , as f a r as t h e 
l a b o u r e r s are concerned, i t c o u l d n o t be recommended t o d i s t r i b u t e 
t h e p r o j e c t lands i m m e d i a t e l y , but t h a t t h i s s h o u l d be postponed 
u n t i l t h e c a n d i d a t e l a b o u r e r s have adequate e x p e r i e n c e i n 
a g r i c u l t u r a l a c t i v i t i e s . 
4.3 T e c h n i c a l s k i l l s and t e c h n o l o g i c a l r e q u i r e m e n t s : 
A l a r g e number o f a g r i c u l t u r e p r o j e c t s f o r t h e e x p l o r a t i o n 
and e x p l o i t a t i o n o f n a t u r a l r e s o u r c e s s i n c e 1970 have s u b s t a n t i a l l y 
a l t e r e d t h e f a c e o f a g r i c u l t u r e development i n L i b y a . 
The L i b y a n government r e a l i z e d t h a t i n o r d e r t o achieve t h e 
o b j e c t i v e s mentioned ( i n Chapter 5) t h e n e c e s s i t y o f r e p l a c i n g t h e 
e x i s t i n g t r a d i t i o n a l f a r m i n g and t h e i n c r e a s i n g o f t h e area under 
c u l t i v a t i o n are u n a v o i d a b l e . Thus t h e t a s k was t h e e s t a b l i s h m e n t o 
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and o p e r a t i n g an i n t e g r a t e d a g r i c u l t u r a l s e t t l e m e n t p r o j e c t , and 
c o n s e q u e n t l y t h e e r e c t i o n o f c i v i l works and the c o n s t r u c t i o n o f 
r o a d s , i r r i g a t i o n and d r a i n a g e systems e t c arose w i t h a b a s i c 
r e q u i r e m e n t f o r t e c h n o l o g y , t e c h n o l o g i s t s and managers d u r i n g the 
f i r s t stages o f d e s i g n and c o n s t r u c t i o n . 
The r e q u i r e d 'know-how', t e c h n i c i a n s and technologt*fewho 
were i n charge o f t h e p r o j e c t i m p l e m e n t a t i o n , n o t i n g t h a t t h e 
second phase ° stage 2 i s c o n s i d e r e d s e p a r a t e l y l a t e r (pp. 125-152), 
were as f o l l o w s ° 
F i r s t phase:° A need f o r e x p e r t s and t e c h n o l o g y t o c a r r y 
o u t reconnaissance i n v e s t i g a t i o n s t u d i e s o f t h e f i v e key f a c t o r s , 
see Chapter 3. Those e x p e r t s and t h e i r equipment were i m p o r t e d 
from t h r e e d i f f e r e n t c o u n t r i e s i . e . U.K., West Germany and Egypt 
i n 1960, 1965 and 1970 r e s p e c t i v e l y 
The r e s u l t s o f these t h r e e s t u d i e s were s u b m i t t e d t o t h e 
L i b y a n government. 
Second phase » Stage 1:° A c c o r d i n g t o s tudy f i n d i n g s 
and t h e i r s e t t i n g i n the c o n t e x t o f o t h e r f a c t o r s o f p r o d u c t i o n , 
the d e c i s i o n o f t h e h i g h p l a n n e r s o f t h e L i b y a n government was 
t o c o n s t r u c t t h e p r o j e c t . Thus t h e second need f o l l o w e d f o r 
e x p e r t s , t e c h n i c i a n s , a d m i n i s t r a t o r s and t e c h n o l o g y e t c . f o r 
th e p r o j e c t c o n s t r u c t i o n . However, due t o a d e f i c i e n c y w i t h i n 
L i b y a o f t h e r e q u i r e d elements f o r c o n s t r u c t i o n and c i v i l works 
an E g y p t i a n Company w i t h i t s e x p e r t s , t e c h n i c i a n s , machinery and 
equipment e t c . was i m p o r t e d f o r t h i s s t a g e . Furthermore a team 
from W.Germany, WAKUTI, was i m p o r t e d t o s u p e r v i s e t h e a c t i v i t i e s 
o f t h i s Company on b e h a l f o f t h e L i b y a n government. About 50 
(21) 
engineers and 100 c r a f t s m e n were r e q u i r e d t o p e r f o r m t h i s s t a g e . ' 
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Second phase ° stage 2:° As t h i s stage i n c l u d e d l e a c h i n g and 
r e c l a m a t o r y c u l t i v a t i o n etc„ y e t more and d i f f e r e n t e x p e r t s , 
t e c h n i c i a n s , a d m i n i s t r a t o r s and machinery were r e q u i r e d . Table 
No. 4„3„1 below shows t h e GCMAP employees s t a f f , e x c e p t f o r 
l a b o u r e r s , i n charge i n t h i s s t a g e . 
Table No. 4.3.1 
Item T o t a l No. 
Liby a n E x p a t r -
i a t e 
No. % No. % 
1. Agronomists 20 3 15.0 17 85 
2. A d m i n i s t r a t i v e s t a f f 
a) Accountants 3 1 33.3 2 66.6 
b) T y p i s t s 6 3 50 3 50 
3. D r i v e r s 
a) T r a c t o r d r i v e r s 42 40 97.6 2 2.4 
b) Car d r i v e r s 16 16 100 o -
4. T e c h n i c i a n s 
a) Pumping s t a t i o n s t a f f 6 4 66.6 2 33.3 
b) Mechanics 21 13 61.9 8 38.1 
c) Mechanical & E l e c t r i c a l 
Engineers 2 m m 2 100 
TPSC su p p o r t e d w i t h WAKUTI have t o s u p e r v i s e and f o l l o w up 
the works executed by t h e GCMAP. The TPSC has a l s o c a r r y o u t t h e 
maintenance works i n th e p r o j e c t . The TPSC has the f o l l o w i n g 
employees:-
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Table No. 4.3.2 
For s u p e r v i s i n g and f o l l o w i n g up the works:-
Item T o t a l No. 
L i b y a n E x p a t r -
i a t e 
No. % No. % 
1. Agronomists 6 3 50 3 50 
2. A d m i n i s t r a t o r s 
a) Accountants 4 1 25 3 75 
b) T y p i s t s & c l e r k s 4 0 4 100 
For Maintenance Works:-
a) Engineers & foreman 3 1 33.3 2 66.6 
b) Heavy machinery d r i v e r s 10 7 70 3 30 
WAKUTI's team c o n s i s t e d o f the f o l l o w i n g members:-
2 agronomists 
1 a g r o n o m i s t / p e d o l o g i s t 
1 c i v i l e n g i n e e r 
1 mechanical engineer f o r two t o u r s o f 
d u t y o f one month each year 
1 t r a n s l a t o r / t y p i s t 
A s h o r t a g e o f a g r o n o m i s t s , t e c h n i c i a n s and a d m i n i s t r a t o r s o c c u r r e d 
f o r t h i s stage due t o the f a c t t h a t many employees l e f t the 
c o u n t r y d u r i n g the m i d d l e o f 1977 (see p. 233).About 378 major 
items o f machinery and equipment were r e q u i r e d so f a r f o r 
i m p l e m e n t i n g t h i s stage - see Table 5-1.3.5. 
The f i x e d and c u r r e n t e x p e n d i t u r e on know-how, a g r o n o m i s t s , 
t e c h n i c i a n s , d r i v e r s and a d m i n i s t r a t o r s t h r o u g h a l l t h e p r o j e c t 
phases were p a i d d i r e c t l y by t h e L i b y a n government o r i n d i r e c t l y 
by i t s agencies or c o n t r a c t o r s . For the second phase - stage 2 
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the e x p e n d i t u r e on wages o n l y o f those employees so f a r i s 
L.D. 782,449 i . e . 30% o f t h e grand t o t a l shown i n Table No. 4.1.2. 
The machinery and equipment e x p e n d i t u r e so f a r i s L.D. 515,200 
i . e . 20% o f t h e grand t o t a l shown i n Table No.4.1.2. 
CONCLUSION 
Undoubtedly, t h e p h y s i c a l f a c t o r s and t h e o t h e r f a c t o r s o f 
p r o d u c t i o n are mere s t a t i s t i c s u n l e s s we add human s k i l l s t o 
i n v e s t i g a t e and analyse t h e r e s u l t s , d e s i g n and c o n s t r u c t t h e 
p r o j e c t , and t h e n o p e r a t e i t . 
L i b y a , as i s a l s o the case o f any o t h e r underdeveloped 
c o u n t r y , has a d e f i c i t o f e x p e r t s , q u a l i f i e d t e c h n i c i a n s and 
t e c h n o l o g y . Thus t h e p r o j e c t ' s r e q u i r e m e n t s f o r these have t o 
be i m p o r t e d d u r i n g a l l t h e p r o j e c t processes i . e . from t h e 
f e a s i b i l i t y s t u dy u n t i l t h e second phase = stage 2. 
Table Nos. 4.3.1 and 4.3.2 show t h e percentage o f L i b y a n 
and e x p a t r i a t e s k i l l e d employees f o r t h i s s t a g e . The percentage 
o f e x p a t r i a t e agronomists i n b o t h t a b l e s mentioned above are 
e s p e c i a l l y remarkable and s e r i o u s because t h e l a t e r stages were 
v i t a l l y concerned w i t h a g r i c u l t u r a l a c t i v i t i e s which were 
c o m p l e t e l y dependent on e x p a t r i a t e s who were i r r e p l a c e a b l e 
when t h e y l e f t the c o u n t r y . 
4.4. Management and O r g a n i z a t i o n 
P r o j e c t management may be d e f i n e d as t h e s c i e n c e and a r t 
which deals w i t h the o p e r a t i n g and o r g a n i z i n g o f t h e p r o j e c t 
g i v e n p h y s i c a l f a c t o r s and t h e o t h e r f a c t o r s o f p r o d u c t i o n i n 
a manner which would secure the g r e a t e s t c o n t i n u o u s p r o f i t . 
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1. F i r s t phase:° As t h e f i r s t phase i n c l u d e d t h e study o f 
s o i l , w a t e r and c l i m a t e t h e r e i s no r e a l o r i m p o r t a n t r o l e f o r 
management„ 
2. Second phase ° Stage 1:° This stage was executed by t h e 
Boheira Company a c c o r d i n g t o a c o n t r a c t w i t h t h e L i b y a n M i n i s t r y 
o f A g r i c u l t u r e and A g r a r i a n Reform (p . 31 ) . The performance and 
a c t i v i t i e s o f t h e company who was r e s p o n s i b l e f o r management had 
been s u p e r v i s e d by t h e LibyanLand Reclamation A u t h o r i t y . The 
l a c k o f e n g i n e e r i n g e x p e r i e n c e i n t h a t a u t h o r i t y c o n s t r a i n e d t h e 
government t o ask WAKUTI t o s u p p o r t t h e LRA t o s u p e r v i s e t h e 
company a c t i v i t i e s as t h e r e was no Li b y a n management capable o f 
s u p e r v i s i n g t h e c o n t r a c t company's a c t i v i t i e s . 
3. Second - Stage 2:- As Stage 1 was completed and Stage 2 
s t a r t e d t h e need arose f o r an a b s o l u t e l y new t y p e o f management 
i . e . i n s t e a d o f c o n s t r u c t i o n and c i v i l works management, a g r i c u l t u r e 
r e c l a m a t i o n management. However, the second phase - Stage 2 o f 
the p r o j e c t was o p e r a t e d by a Libyan c o n t r a c t o r who c a r r i e d o u t 
l e a c h i n g , r e c l a m a t o r y c u l t i v a t i o n and o t h e r a g r i c u l t u r a l p r o d u c t i o n 
processes. 
This c o n t r a c t o r i s t h e GCMAP, under t he s u p e r v i s i o n o f the 
TPSC, who was r e s p o n s i b l e f o r management o f the p r o j e c t . The 
c o n t r a c t s t a r t e d on 15 March 1974 and was supposed t o be completed 
(221 
on 15 March 1977, J b u t as i t d i d n o t p e r f o r m a c c o r d i n g t o 
schedule t h e c o n t r a c t became open-ended. The tw e n t y agronomists 
(85% e x p a t r i a t e ) o f t h e GCMAP shown i n Table No. 4.3.1 were 
a p p o i n t e d as f o l l o w s 
1 Manager p r o j e c t . 
3 F o l l o w i n g up committee, f o r s u p e r v i s i n g and 
o r g a n i z i n g t h e a g r i c u l t u r e processes 
2 S u p e r v i s o r s f o r a g r i c u l t u r a l machinery 
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8 S u p e r v i s o r s , one s u p e r v i s o r f o r each area o f t h e 
p r o j e c t except area East and area West where t h e r e 
are two s u p e r v i s o r s a p p o i n t e d . 
2 L a b o r a t o r y s u p e r v i s o r s f o r s o i l sampling and a n a l y s i n g , 
2 Windbreak s u p e r v i s o r s . 
1 Surveyor s u p e r v i s o r . 
1 Leaching s u p e r v i s o r . 
Between 15 March 1975 and 14 March 1977 WAKUTI a c t e d as 
c o n s u l t a n t s on b e h a l f o f the TPSC. The s i x agronomists 
(50% e x p a t r i a t e ) o f t h e TPSC shown i n Table No. 4.3.2 are 
ap p o i n t e d as f o l l o w s : -
1 Chairman o f t h e committee. 
1 V i c e Chairman. 
1 T r e a s u r e r . 
1 L a b o r a t o r y s u p e r v i s o r t o s u p e r v i s e t h e s o i l s ampling 
and l e a c h i n g c a r r i e d out by GCMAP. 
2 S u p e r v i s o r s f o r o r g a n i z i n g and s u p e r v i s i n g t h e 
a g r i c u l t u r e processes performed by t h e GCMAP. 
A l l d e c i s i o n s , recommendations and s u g g e s t i o n s t a k e n by b o t h 
WAKUTI team and the TPSC have t o be passed t o the GCMAP f o r 
e x e c u t i o n . F i g u r e No.4.4.1 below shows these consequences. 
Headquarter 
O f f i c e - S i e g e n 
M i n i s t r y o f Agr.and Agra. 
Reform 
c o n t r a c t General A d m i n i s t r a t i o n o f Agra-Reform 
r Headquarter O f f i c e - T r i p o l i 
c o n t r a c t 
C o n s u l t a n t s • TPSC 
WAKUTI • 
I 
GCMAP 
d e c i s i o n s , recommendations, suggestion r j 
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As may be seen from F i g u r e 4.4.1 and from an e x a m i n a t i o n 
C23) 
of the v a r i o u s w o r k i n g r e p o r t s , t h e number o f l i n k s w i t h i n t h e 
communication network was v e r y l a r g e and v e r y l i t t l e t r u e manage-
ment r o l e c o u l d be e x e r c i s e d by any agency. I t i s not s u r p r i s i n g 
t h a t s e n i o r p e r s o n n e l i . e . the p r o j e c t manager and the 3 members 
C241 
of t h e f o l l o w up committee, changed v e r y f r e q u e n t l y . y Thus 
i n September 1975 the p r o j e c t manager o f t h e GCMAP l e f t , b u t 
h i s successor o n l y s t a y e d u n t i l February 1976 when he was a l s o 
r e p l a c e d . I n June 1976 when t h e performance of the company 
s t a r t e d t o improve s l o w l y a f t e r the u n r e s t caused by t h e changes had 
been overcome the manager changed a g a i n . From t h a t t i m e t o September 
1976 the manager was f r e q u e n t l y r e p l a c e d . This ended when the 
manager i n charge from February 1976 t o June 1976 was r e - e s t a b l i s h e d . 
Only t h e n had the p r o j e c t t i m e t o r e c o v e r and t o develop p r o p e r l y . 
The s i t u a t i o n f o r the p o s t o f t h e Chairman o f the TPSC was j u s t 
the same. 
I n October 1975 the f i r s t Chairman l e f t and h i s successor 
h e l d the p o s t u n t i l 1976. F o l l o w i n g a p e r i o d o f u n c e r t a i n t y w i t h 
f r e q u e n t changes, i n August 1976 a new chairman was chosen; however 
h i s employment o n l y l a s t e d t i l l December 1976. 
On December 2 0 t h , 1976 y e t a n o t h e r chairman took o f f i c e 
and the o l d system, i . e . t h a t t h e committee c o n t r o l l e d t h e company, 
was changed i n t o a p a r t n e r s h i p management which i s s t i l l o p e r a t i n g 
w i t h the same p e r s o n n e l . 
4. A f t e r examining t h e cumbersome e s t a b l i s h e d management so f a r 
i n v o l v e d we have t o examine the management r e q u i r e m e n t s o f t h e 
planned p r o d u c t i o n phase. 
The new management f o r c e n t r a l p r o j e c t s e r v i c e s and c o n t r o l 
of the a g r i c u l t u r a l e x e c u t i o n works, farm s u p p l i e s , farm o u t p u t s 
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and w a t e r d i s t r i b u t i o n e t c , would be c a r r i e d o u t by t h e a g r i c u l t u r e 
c o o p e r a t i v e s o c i e t y , t h e management s t r u c t u r e o f which was designed 
r 11 (26) as f o l l o w s : -
1. General assembly 
a) A p p r o v a l o f the e x p e n d i t u r e o f the a g r i c u l t u r e 
c o o p e r a t i v e s o c i e t y e s t a b l i s h m e n t , 
b) Layout • a p l a n f o r t h e a g r i c u l t u r a l c o o p e r a t i v e s o c i e t y 
w i t h i n t h e framework o f t h e government p l a n . 
c) E l e c t i o n o f the management committee, 
d) Layout o f l o c a l ordnances. 
The g e n e r a l assembly has t o h o l d a meeting once a year a t l e a s t t o 
d i s c u s s t he r e p o r t s p r e p a r e d by t h e committee o f management e.g. 
r e v i e w o f the f i n a n c i a l r e p o r t , and a p p r o v i n g t he budget and new 
e x e c u t i v e p l a n f o r the n e x t y e a r . 
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2. Committee o f management. 
T h i s committee i s t h e e x e c u t i v e committee f o r t h e a.c.s. 
I t c o n s i s t s o f 5 members a t l e a s t and 11 members a t most; as t h e 
f i r s t case i s t a k e n t h i s w i l l be as f o l l o w s : -
One chairman 
One V i c e Chairman 
One T r e a s u r e r 
Two members 
However t h e a g r i c u l t u r e c o o p e r a t i v e s o c i e t y r e f l e c t s p a r t o f the 
M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform p o l i c y and i t i s t h e 
means o f communication between t h e M i n i s t r y and the f a r m e r s . Thus 
th e M i n i s t r y c o u l d encourage and sometimes d i c t a t e , t h r o u g h t he 
a g r i c u l t u r e c o o p e r a t i v e s o c i e t y , c h o i c e o f crops e.g. c e r e a l s 
such as wheat and b a r l e y . F u r t h e r m o r e , t he M i n i s t r y t h r o u g h t h e 
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s o c i e t y would buy any s u r p l u s q u a n t i t i e s a t p r i c e s which t h e 
M i n i s t r y would determine a c c o r d i n g t o the q u a l i t y o f those 
commodities. T h i s s o c i e t y would s u p p l y the farmers w i t h i n p u t s 
such as seeds, f e r t i l i z e r s , i n s e c t i c i d e s and equipment e t c . a t 
reduced p r i c e s i . e . sometimes 50°& o f the p r i c e o f t h e c o s t t o 
(28) 
the government. 1 J A d d i t i o n a l l y , t h e s o c i e t y would h e l p them 
w i t h t h e i r a g r i c u l t u r a l p r o c e s s e s , e.g. p l o u g h i n g , sowing and 
h a r v e s t i n g . F urthermore, t h e s o c i e t y would c o n t r o l t h e farmers 
commodities e.g. t r a n s p o r t i n g , s t o r i n g and m a r k e t i n g . 
Based on o t h e r s i m i l a r p r o j e c t s i n L i b y a such as the 
Hadhba Khadra p r o j e c t , one can assume t h a t t h e a g r i c u l t u r e 
Hie 
c o o p e r a t i v e s o c i e t y would be dominant in^Tauorgan p r o j e c t even 
w i t h i n t h e i d e a l o f s e l f s u s t a i n e d g r o w t h . 
However, these p l a n n e d s t r u c t u r a l elements t a c k l e d o n l y 
the r e l a t i o n between s e t t l e r s and t h e s o c i e t y as f a r as 
a g r i c u l t u r a l commodities and some p h y s i c a l i n p u t s are concerned. 
Much more fundamental i n t h e management r e l a t i o n s h i p i s t h e degree 
o f independence g i v e n t o the s e t t l e r s i n o t h e r areas o f c h o i c e 
e.g., d i s p o s a l o f l a n d , u t i l i s a t i o n o f l a n d and w a t e r e t c . I n 
Chapter 2 we n o t e d c l a u s e s o f the p r o v i s i o n s (pp.43-44) w h i c h 
a r i s e h e r e . A d e f i n i t e answer about whether d i v i s i o n and sub-
d i v i s i o n o f t h e new farms w i l l o r / w i l l n o t t a k e p l a c e can n o t be 
g i v e n because t h e Tauorga p r o j e c t area so f a r , t o t h e end o f 
1977, has not y e t been d i s t r i b u t e d t o t h e s e t t l e r s . Secondly, a 
p e r i o d o f 15 years has n o t y e t e l a p s e d because the r e l e v a n t 
law (p.43) was i s s u e d i n 1970, and thus a p r a c t i c a l example o f 
any o t h e r s i m i l a r p r o j e c t can n o t be u t i l i s e d as a p r e c e d e n t . 
But the f o l l o w i n g d i s c u s s i o n g i v e s some guidance i n 
answering t h i s q u e s t i o n . T h e o r e t i c a l l y t h e s e t t l e r s are n o t 
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independent because t h e y are r e s t r i c t e d by c l a u s e 6 o f the 
p r o v i s i o n s , t h r o u g h which the M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n 
Reform can d i c t a t e i t s p o l i c y by i t s r e p r e s e n t a t i v e i . e . t h e 
a g r i c u l t u r e c o o p e r a t i v e s o c i e t y . P r a c t i c a l l y , t h e s e t t l e r s ' s i t u -
a t i o n w i l l always depend on the a.c.s. because u n l e s s t h e s e t t l e r s 
are members o f t h e a.c.s. they w i l l n o t be e n t i t l e d t o have 
the b e n e f i t o f the s o c i e t y ' s f a c i l i t i e s . However, t h i s c o n t r o l 
w i l l be m a i n t a i n e d as long as the a.c.s. management system i s 
e f f e c t i v e and t h e r e i s no reason t o suppose t h a t t h i s would 
be the case. 
We can examine o t h e r s i m i l a r p r o j e c t s , such as t h e Hadhba 
Khadra a g r i c u l t u r e p r o j e c t , where each s e t t l e r was a l l o c a t e d 
(29) r 30") 6 ha. J and each h o l d i n g was t o be c u l t i v e d as f o l l o w s -
2 ha. f r u i t , 2 ha. v e g e t a b l e s , 1.5 c e r e a l s and 0.5 f o r a g e . But 
i n r e a l i t y , i n the summer o f 1977, most o f the s e t t l e r s were 
c u l t i v a t i n g the f o l l o w i n g - 2 ha. f r u i t , l h a . v e g e t a b l e s and 1 ha. 
f 31") 
zea maize. I n the M i s u r a t a development p r o j e c t 1 (pp. 244-246) 
each w e l l i n East D a f n i a , w i t h 36 f a r m s , was p r o j e c t e d , i n r e g a r d 
t o t h e w a t e r a v a i l a b i l i t y , t o s u p p l y 3 L t / s e c . f o r i r r i g a t i o n 
purposes. Some o f the f a r m e r s , i n o r d e r t o u t i l i z e more water 
than was d e s i g n a t e d , have s p o i l t i r r i g a t i o n i n s t a l l a t i o n s by 
c u t t i n g t h e c o n n e c t i o n between t h e pump and i r r i g a t i o n system and 
by d i r e c t i n g and a c c u m u l a t i n g t h e w a t e r i n r e s e r v o i r s w h i c h t h e y 
c o n s t r u c t e d themselves. I n t h i s way t h e y are u s i n g 5-6 L t / s e c . 
which has l e d t o a n a r c h i s t i c u t i l i z a t i o n o f w ater and has s e r i o u s 
consequences on t h e l i f e o f a q u i f e r s i n the p r o j e c t area. 
On one hand these two examples show t h a t i n the absence o f 
p r o p e r management by the a g r i c u l t u r e c o o p e r a t i v e s o c i e t y and/or 
the absence o f a p r o p e r e x t e n s i o n s e r v i c e , t h e s e t t l e r s i g n o r e d 
government i n s t r u c t i o n s . I f the government i s t o i g n o r e these 
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i n i t i a t i v e changes, and t h i s appears t o be what i s happening, 
the s e t t l e r s may s t a r t t o change o t h e r components o f t h e p r o j e c t 
i n c l u d i n g d i v i d i n g t h e farms by i n h e r i t a n c e . 
On t h e o t h e r hand, one may assume t h a t d i v i d i n g and sub-
d i v i s i o n o f t h e f a r m s , may not t a k e p l a c e because t h e L i b y a n 
government i s v e r y concerned t o p u t a l i m i t on t h a t . Thus i n 
1975, t h e M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform i s s u e d 
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law 46, t o overcome t h e problem o f pigmy farms. T h i s 
programme o f r e f o r m was t o encourage l a n d h o l d e r s t o a v o i d s i m p l e 
s u b - d i v i s i o n by recommending t h a t : -
1) Farmers s h o u l d combine t o s e t up a c o o p e r a t i v e farm 
s h a r i n g t h e r e t u r n s . 
2) Farmers s h o u l d lease l a n d t o a d j a c e n t f a r m e r s . 
3) Farms s h o u l d be s o l d a t a r e a s o n a b l e p r i c e . 
Indeed no d e f i n i t e answer can be g i v e n , even though the 
government may t h r e a t e n t h e s e t t l e r s by a p p l y i n g c l a u s e 7 o f t h e 
same p r o v i s i o n s s h o u l d t h e y s t a r t d i v i d i n g t h e l a n d . But c l a u s e 7 
i t s e l f i s n o t c l e a r i f i t i s v a l i d f o r good or i t s v a l i d i t y w i l l 
be over a f t e r t h e e l a p s i n g o f t h e 15 years p e r i o d i n c l a u s e 5. 
There i s no evidence t o suggest t h a t L i b y a has the cap-
a b i l i t y o f p r o v i d i n g t h e l a r g e number o f management systems 
necessary i f p r o j e c t c o n t r o l i s t o be e f f e c t i v e and i f p r o j e c t 
p r o d u c t i v i t y i s t o be a c h i e v e d . 
CONCLUSION 
Undoubtedly, t h e s u c c e s s f u l i m p l e m e n t a t i o n o f an a g r i c u l t u r e 
p l a n i n g e n e r a l depends on: F i r s t , i t i s a m a t t e r o f p r o p e r 
management, which s h o u l d be f a m i l i a r w i t h and e x p e r i e n c e d i n 
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t h e p r e p a r a t i o n o f a p l a n o f p r o d u c t i o n w h i c h i s l o g i c a l and 
c o n s i s t e n t w i t h e x p e c t a t i o n s o f t h e c o n d i t i o n s w h i c h w i l l p r e v a i l 
n o t o n l y a t t h e p r e s e n t but a l s o i n the f u t u r e . I t i n v o l v e s t a k i n g 
key d e c i s i o n s about the l e v e l and c o m b i n a t i o n o f p r o d u c t s t o be 
produced, k i n d s and l e v e l s o f i n p u t s t o be used and d e t a i l s o f 
i m p l e m e n t a t i o n . A management team must be capable of p u t t i n g 
the p r o d u c t i o n p l a n i n t o a c t i o n . I t i n v o l v e s c o n d u c t i n g p r o d u c t i o n 
a c t i v i t i e s as planned and a d j u s t i n g these a c c o r d i n g t o the changing 
o f the f i v e key f a c t o r s and the r e s t o f t h e f o u r main headings. 
Management must a l s o have t h e f l e x i b i l i t y t o absorb designed 
feed-back, l e a r n i n g , o b t a i n i n g i n f o r m a t i o n , m o n i t o r i n g , a d j u s t i n g 
t o u n f o r e s e e n changes; a l l e s s e n t i a l t o t h e management knowledge, 
and a l l a c t i v i t i e s i n v o l v e d i n t h e p r o j e c t . However, a l l t h i s 
r e q u i r e s q u a l i f i e d e x p e r i e n c e and a s t a b l e team o f p e r s o n n e l i n 
management. 
But i n t h i s p r o j e c t , as i n many i n L.D.C's, t h i s was n o t t h e 
case. The e x p e r t s i n l e a d i n g p o s i t i o n s i n t h e GCMAP and TPSC 
changed f r e q u e n t l y and t h i s was damaging s i n c e a g r i c u l t u r e d e v e l -
opment i s a l o n g term u n d e r t a k i n g f i e l d c r o p p r o d u c t i o n , dependent 
on f a i r l y t i m e - i n f l e x i b l e b i o l o g i c a l p rocesses; f o r i n s t a n c e one 
can o n l y e x p e r i e n c e two complete processes per year i . e . two 
c r o p p i n g p a t t e r n s per year. 
T h e r e f o r e , so as t o accumulate as much e x p e r i e n c e as p o s s i b l e 
i t i s o f utmost importance t h a t the same management team i s 
employed i n t h e p r o j e c t f o r a t l e a s t two or t h r e e f u l l p r o d u c t i o n 
c y c l e s . Secondly t h e r e i s t h e need f o r a p p r o p r i a t e o r g a n i z a t i o n 
and a d m i n i s t r a t i o n t o g i v e t h e p o s s i b i l i t y f o r p r o g r e s s based on 
a v a i l a b l e r e a l f i n a n c i a l r e s o u r c e s and f l e x i b l e u t i l i s a t i o n o f 
the f i v e key f a c t o r s . This g r e a t l y exceeds t h e o r g a n i z a t i o n and 
management c a p a c i t y a v a i l a b l e . 
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Problems o f r i g i d i t y i n a d m i n i s t r a t i v e systems such as 
those found i n a d m i n i s t r a t i v e systems o f governments i n almost 
a l l l e s s developed c o u n t r i e s (e.g. L i b y a ) , w i t h mixed economies 
are a n a c h r o n i s t i c . E s t a b l i s h e d long ago t o meet c o n d i t i o n s which 
d i f f e r g r e a t l y from those p r e v a i l i n g t o d a y , t h e y have n o t been 
(33) 
adapted s u f f i c i e n t l y t o g r e a t l y changed c i r c u m s t a n c e s . 
Documents and f i l e s , as w i t h management a u t h o r i t y , have 
t o be handled i n s t r i c t p r o c e d u r a l steps t h r o u g h a d m i n i s t r a t i v e 
l a y e r s . 
I n t e r n a l o r g a n i z a t i o n a l and management e f f i c i e n c y must 
be matched w i t h equal e f f i c i e n c y i n o t h e r systems upstream and 
downstream. The t o t a l demand made on management e x p e r t i s e and 
o r g a n i s a t i o n a l s k i l l s by any p r o j e c t e x t e n d w e l l o u t s i d e t h a t 
p r o j e c t e.g. t o p u b l i c u t i l i t i e s , t r a n s p o r t , customs h a n d l i n g a t 
p o r t s e t c . To an L.D.C. t h e r e f o r e t h e s t r a i n on y o u t h f u l 
management and a d m i n i s t r a t i o n systems i s a m u l t i p l i e r o f t h e 
d i r e c t r e q u i r e m e n t made by t h e p r o j e c t . 
I n s p i t e o f announcing an a d m i n i s t r a t i v e r e v o l u t i o n t o 
l e s s e n c l e r i c a l work and l e g i s l a t i o n which are n o t necessary t o 
f u l f i l t h e people's aims and those o f t h e r e v o l u t i o n c u r r e n t s i n c e 
1970 i n L i b y a , t h e r e q u i r e d changes and f l e x i b i l i t y , which would 
f a c i l i t a t e and ease t h e a d m i n i s t r a t i v e p r o c e s s e s , m i n i m i z i n g 
the r o u t i n e e t c . were n o t e n t i r e l y a t t a i n e d . 
I n t h i s c h a p t e r t h e f a c t o r s o f p r o d u c t i o n i n v o l v e d i n the 
p r o j e c t i m p l e m e n t a t i o n under f o u r main headings have been 
examined; t h e i r i n t e r a c t i o n and r e l a t i o n s h i p t o o t h e r d e s c r i b e d 
p h y s i c a l f a c t o r s i . e . t h e f i v e key f a c t o r s examined i n Chapter 3 
i s c o n s i d e r e d a t the b e g i n n i n g o f t h i s c h a p t e r . 
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To some extent the range of choice o f f e r e d by the f i v e key 
f a c t o r s can be extended by the a p p l i c a t i o n of the inputs c l a s s i f i e d 
under the main heading of c a p i t a l , labour, human s k i l l and manage-
ment e„g. poor s o i l may be remedied by the a p p l i c a t i o n of f e r t i l i z e r , 
poor n a t u r a l drainage may be overcome by digging d i t c h e s , poor 
beef f a t t e n i n g performance on i n d i f f e r e n t grazing ground by i n t e n s i v e 
r e a r i n g i n c o n t r o l l e d indoor environments. S i m i l a r l y a shortage 
of c a p i t a l w i l l be less r e s t r i c t i v e to the farmers' freedom of 
a c t i o n i n areas where the f i v e key p h y s i c a l f a c t o r s are favourable etc 
Greater r e s t r i c t i o n i n one d i r e c t i o n may be a l l e v i a t e d by 
greater freedom i n another. C a p i t a l from the Libyan government 
and assistance through the cooperative o r g a n i z a t i o n are t h e o r e t i c a l l y 
a v a i l a b l e i n order to attempt to improve f l e x i b i l i t y and thereby 
help to overcome the l i m i t i n g f i v e key f a c t o r s . As we s h a l l see 
i n l a t e r chapters, the interdependence of a l l these input f a c t o r s 
and the r e l a t i v e s i g n i f i c a n c e of i n d i v i d u a l f a c t o r s and sets 
of f a c t o r s now become the key questions, not only i n eval u a t i n g 
the Tauorga p r o j e c t but i n the examination of analogous development 
processes elsewhere. 
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C H A P T E R F I V E 
DEVELOPMENT PROCESSES AND OBJECTIVES 
OF THE PROJECT 
In Chapter Three the f i v e key groups of p h y s i c a l f a c t o r s 
were discussed i n d e t a i l . I n Chapter Four the four main groupings 
of economic, s o c i a l and o r g a n i z a t i o n a l f a c t o r s were discussed. 
In the l i g h t of the foregoing t h i s chapter comprises o f two 
p a r t s : 
Part One - covers the development processes of the p r o j e c t e.g. 
f i r s t phase and second phase - stages 1 and 2, and p a r t i c u l a r 
a t t e n t i o n w i l l be paid t o the second phase - stage 2. 
Part Two - covers the p r o j e c t ' s o b j e c t i v e s : the p h y s i c a l f a c t o r s 
have consequential e f f e c t s through the c o n s t r a i n t s and opport-
u n i t i e s they a f f o r d and through the t e c h n i c a l and o r g a n i s a t i o n a l 
requirements necessary f o r the e x p l o i t a t i o n of ph y s i c a l resources. 
Conversely, the s o c i a l , economic and o r g a n i s a t i o n a l f a c t o r s 
a f f e c t the e v a l u a t i o n of the resources, the reasons f o r t h e i r 
e x p l o i t a t i o n and the c a p a b i l i t y o f producing a st a b l e and 
p r o f i t a b l e production resource e x p l o i t a t i o n system. 
PART ONE 
5-1 The Development Processes 
5-1.1 F i r s t Phase 
This was c a r r i e d out between 1960-1970 by teams from 
three d i f f e r e n t c o untries and included: 
i ) Analysing Tauorga spr i n g s ' water, 
i i ) Measuring the r a t e of discharge o f the springs. 
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i i i ) Analysing s o i l samples i n a t o t a l area of 8,000 ha. and 
s e l e c t i n g the best 3,000 ha. gross area of the p r o j e c t , 
i v ) Design and planning of the p r o j e c t i n c l u d i n g the c e n t r a l 
v i l l a g e , i r r i g a t i o n and drainage systems, wind breaks 
and topographic survey. 
5-1.2 Second Phase - Stage One 
Construction Stage 
In the l i g h t of the a v a i l a b l e f i n d i n g s of the study stage 
the Libyan Government decided to b u i l d the p r o j e c t . This stage 
was c a r r i e d out by the Egyptian Boheira Company according to a 
co n t r a c t signed on 8th August, 1970, under the sup e r v i s i o n of 
WAKUTI KG from March 1972. 
Construction was planned to take 2 years, s t a r t i n g i n 
November 1970, however the a c t u a l execution p e r i o d exceeded 
three years. J By the end of 1973 the f o l l o w i n g works had been 
c a r r i e d out:-
f 31 
1. I r r i g a t i o n system which included -
a) main feeder canal; t o t a l length 2.600 km. 
b) main i r r i g a t i o n canal; t o t a l length 2.400 km. 
c) sub-1 i r r i g a t i o n canals; t o t a l l e ngth 20 km. 
d) sub-2 i r r i g a t i o n canals; t o t a l length 50 km. 
e) l a t e r a l i r r i g a t i o n canals- t o t a l l e n g t h 156.5 km. 
f ) s t r u c t u r e s i n i r r i g a t i o n canals, i . e . covered s e c t i o n 
pipes, c u l v e r t s , branches, o u t l e t s , weirs and bottom 
f a l I s . 
g) pumping s t a t i o n s , d i s t r i b u t i o n chambers and 
elevated r e s e r v o i r s . 
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2. Drainage system^^ 
a) f i e l d d r a i n s ; t o t a l length 185 km. 
b) l a t e r a l d r a i n s ; t o t a l length 173 km. 
c) sub-2 d r a i n s ; t o t a l length 50 km. 
d) sub-1 d r a i n s ; t o t a l length 25 km. 
e) main drainage canal; t o t a l l e n g t h 12 km. 
f ) p r i n c i p a l d r a i n s ; t o t a l l ength 12 km. 
3. Central V i l l a g e ^ 
The c e n t r a l v i l l a g e represents the a d m i n i s t r a t i v e , s o c i a l 
and c u l t u r a l centre of the p r o j e c t and of the Tauorga region 
covering an area of approximately 60 ha. where the f o l l o w i n g 
elements were planned -
a) Dwelling Houses 
( i ) 300 houses f o r farmer s e t t l e r s , each c o n s i s t i n g of 
4 rooms, k i t c h e n , WC, bath, on the ground f l o o r , 
2 2 160 m and open garden, 160 m . 
( i i ) 36 houses f o r employees c o n s i s t i n g of 5 rooms, 
2 
ki t c h e n , WC, bath on the ground f l o o r 120 m 
2 
and open garden, 270 m . 
b) O f f i c i a l b u i l d i n g s -
2 
( i ) One school - t o t a l area 3,400 m . 
( i i ) One h o s p i t a l i n c l u d i n g pharmacies and l a b o r a t o r i e s 
2 
and s t a f f accommodation, 400 m 
( i i i ) One a d m i n i s t r a t i o n b u i l d i n g to include a bank, 
2 
post o f f i c e and some 16 o f f i c e s u i t e s , 1020 m 
and f u r t h e r 16 o f f i c e accommodation, w i t h s e r v i c e 
f a c i l i t i e s etc. A l l on the ground f l o o r and 
f i r s t f l o o r . 2 2 Tot a l f l o o r space : 2 x 510 m = 1020 m 
Tota l i n t e r i o r space : 2 x 1500 m3 = 3000 m3 
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Civ) One Central Market c o n s i s t i n g of 10 sale-rooms w i t h 
storage rooms and service rooms; t o t a l f l o o r space 
350 m2. 
(v) One p o l i c e s t a t i o n - t o t a l f l o o r space 820 m . 
( v i ) One resthouse w i t h 10 guest rooms; t o t a l f l o o r space 
2 x 210 m2 = 420 m2. 
( v i i ) One mosque; t o t a l f l o o r space 300 m . 
( v i i i ) One service s t a t i o n , i n c l u d i n g 2 workshops, 15 
2 
garages etc. - t o t a l f l o o r and yard area 1630 m . 
Civ) One warehouse i n c l u d i n g 4 closed and 3 open storage 
2 
rooms etc. - t o t a l f l o o r space 1900 m and t o t a l 
2 
yard area 1800 m . 
A l l these b u i l d i n g s are connected w i t h the p r o j e c t c e n t r a l 
water supply system, sewerage system w i t h a sewage treatment 
p l a n t and e l e c t r i c i t y d i s t r i b u t i o n system. Throughout the v i l l a g e 
an asphalt road network i s provided of approximately 5 km. t o t a l 
l e n gth (6 m wide) w i t h curbstones, sidewalks and r o a d - l i g h t i n g . 
The i r r i g a t i o n area i s served by roads w i t h a metal surface 
which run p a r a l l e l to main and su b s i d i a r y drainage canals. 
(6) 
4. Surveying Works 
A. The p r o j e c t area was j o i n e d up to the f i x e d t r i a n g u l a t i o n 
p o i n t s i n the L.A.R. 
B. L e v e l l i n g 
( i ) Cleaning the s i t e of grasses and bushes, 
( i i ) L e v e l l i n g had been c a r r i e d out over a l l the 
f i e l d s i n the p r o j e c t , 
( i i i ) Most of the p r o j e c t area had been deep c u l t i v a t e d 
by e i t h e r r i p p i n g (60 -loo cm) or deep ploughing 
(about 40 cm) i n order to break widespread hardpans 
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under the surface before leaching. 
5. Earth Works 
a. Where the i r r i g a t i o n canal i s not excavated earth 
embankments were b u i l t t o carry elevated sections. 
b. Earth embankment was executed around the springs i n 
order to c o n t r o l the water i . e . d i r e c t the water 
i n t o the main feeder canal. 
(7) 
6. P l a n t a t i o n of outer windbreaks ^ J 
a. 218,000 trees - eucalyptus and cassuarina. 
b. 320,000 trees - thorny acacia. 
c. 1,000,000 c u t t i n g s of tamarisk. 
The f i r s t planning phase and the second phase - stage 1, 
c o n s t r u c t i o n , except f o r 200 of the farmers' houses, d r i n k i n g 
water s t a t i o n , sewage treatment p l a n t of the c e n t r a l v i l l a g e 
were completed and most of the p r o j e c t works handed over t o the 
Libyan government by the end of 1973. However, although the 
c o n s t r u c t i o n of the b u i l d i n g s noted above was complete, the 
Libyan Government d i d not f o r m a l l y take over the c e n t r a l v i l l a g e 
because the water-supply and sewage systems were not wholly 
f u n c t i o n i n g . From t h i s p e r i o d u n t i l October 1976 the c e n t r a l 
v i l l a g e was u t i l i s e d only as the a d m i n i s t r a t i v e centre from 
which the General Company f o r Marketing and A g r i c u l t u r a l Production 
(see Chapter 5-1.3) operated i n the p r o j e c t area. On May/June 
1976 H. Allam Company made the f i n a l touches to the c e n t r a l 
v i l l a g e . ^ 
I n September/October 1976 the c e n t r a l v i l l a g e was f o r m a l l y 
(9) 
handed over to the Libyan government. v J The f i r s t phase and 
second phase - stage 1 were c r i t i c a l p a r t s of the p r o j e c t because 
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the success of the second phase - stage 2 was dependent upon 
the soundness and accuracy of both survey and c o n s t r u c t i o n . 
Early i n 1977 the M i n i s t r y of Housing undertook the 
r e s p o n s i b i l i t y of c o n s t r u c t i n g the balance of 200 s e t t l e r s 
houses as and when necessary. 
By the end of the f i r s t phase, and second phase, stage 1 
most of the basic p h y s i c a l i n f r a s t r u c t u r e had been undertaken, 
i . e . the i r r i g a t i o n and drainage works, roads, and most b u i l d i n g s 
In terms of the development of the land p o t e n t i a l , a l l the area 
intended f o r c u l t i v a t i o n had been mechanically cleared and 
l e v e l l e d , and p r e l i m i n a r y production could, t h e o r e t i c a l l y 
be s t a r t e d i n 1974. 
5..1.3 Second Phase - Stage Two 
This stage included -
- Land pre p a r a t i o n . 
- Flooding and leaching. 
- Reclamatory c u l t i v a t i o n . 
- Inner wind breaks. 
- M o d i f i c a t i o n s of phase two - stage 2 works. 
- Maintenance of the p r o j e c t . 
- The recruitment and basic t r a i n i n g of Libyan 
workers f o r operations l i s t e d above. 
- Handing over. 
- Hypothetical and a c t u a l end of phase two. 
Land pr e p a r a t i o n f o r the second phase - stage 2 was i n i t i a t e d 
by the Land Reclamation A u t h o r i t y of the Libyan government. 
However, t h i s d i d not continue f o r long and i n A p r i l 1974 
t h i s phase of work was undertaken by the General Company 
f o r Marketing and A g r i c u l t u r e Production. 
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The GCMAP was to car r y out leaching and reclamatory 
c u l t i v a t i o n on 2162.8 ha. u t i l i s i n g s i x successive cropping 
patterns i n several Hoshas as w e l l as improving the s o i l s t r u c t u r e 
and e x p l o i t i n g those few Hoshas (120.6 ha) without s a l i n i t y 
problems (see Table No. 3.6.1). The t e c h n i c a l s p e c i f i c a t i o n s f o r 
t h i s work were l a i d out o r i g i n a l l y by the M i n i s t r y of A g r i c u l t u r e 
& Agrarian Reform and revised by WAKUTI Consulting Engineers, 
who were brought back to supervise the GCMAP a c t i v i t i e s and 
maintenance works of the p r o j e c t from March 1975 t o March 1977. 
Flooding and leaching 
The leaching operation s p e c i f i c a t i o n s f o r removing s a l t s 
from the p l a n t root zone were s t r i c t i . e . the e l e c t r i c a l 
c o n d u c t i v i t y value o f the saturated s o i l e x t r a c t was to be 
reduced to or below 8 mmhos/cm before land could be included 
i n the reclamatory c u l t i v a t i o n programme; i f i t was not, 
another 5 leaching processes had t o be c a r r i e d out and 
a f t e r t h a t E.C. must be measured again. This work r e q u i r e d : 
1) Machinery Services 
a. p r e p a r a t i o n f o r leaching and top s o i l according to the 
s i t e c o n d i t i o n s i n c l u d i n g s u b - s o i l ploughing t o a depth of 15 
to 20 cm, the type of machinery used being determined according 
to s i t e c o n d i t i o n s . The s o i l then has to be planed by Eversman 
land plane so t h a t the land i s l e v e l a f t e r ploughing, then the 
s o i l must be loosened by c u l t i v a t i o n . 
b. p r e p a r a t i o n of embankments according to the s i t e and s o i l 
c o n d itions which must be able t o t o l e r a t e water 15 cm deep. The 
embankments must be p a r a l l e l t o the i r r i g a t i o n canals, the 
s t r i p s must be about 8-10 m. long according to the f i e l d slope. 
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c. these processes have to be repeated every time;the area has 
been subjected to 5 leachings to f a c i l i t a t e s o i l a e r a t i o n and to 
accelerate the leaching operation process. 
2) Leaching 
a. when the E.C. value of the saturated e x t r a c t i s brought below 
8 mmhos/cm then t h i s area must be introduced i n t o the c u l t i v a t i o n 
programme. I n the event of leaching operations being f i n i s h e d 
during times which do not correspond w i t h the seeding periods 
the area must be i r r i g a t e d i n order to keep the s o i l m o i s t 0 
b. i f the E.C. values of the saturated e x t r a c t remain above 
8 mmhos/cm another 5 leaching processes must be c a r r i e d out. A f t e r 
t h a t the E.C. must be measured again. 
3) S o i l Study ( 1 2 ) 
a) Sampling 
Samples must be taken from each Djosa i n order to check the 
E.C. value. The samples must be taken by auger, i . e . f o u r samples 
from each corner of the Djosa and the f i f t h from the middle. These 
samples must be mixed so as to have the re p r e s e n t a t i v e samples 
f o r each Djosa. From these samples a mixed r e p r e s e n t a t i v e sample 
f o r each Kata i s taken. For complete a n a l y s i s , two samples must be 
analyzed -
1. The f i r s t sample represents the top s o i l . 
2. The second sample represents the s u b - s o i l up to a 
depth of 60 cm. 
f 13") 
b) Sample analysis J 
1. A f t e r the f i r s t 5 leaching operation the E.C. value and 
pH must be checked i n the saturated e x t r a c t . 
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2. The complete analysis f o r the top s o i l must be c a r r i e d 
out once a year when requested. This analysis includes the 
soluble cations (Ca, Mg, Na, K) , soluble anions (CaCo^, HCOj, 
SO4) and P, Na, K and any other analysis requested. 
3. I f the E.C. value i s above 8 mmhos/cm i n the saturated 
e x t r a c t from the sub°soil layer a d d i t i o n a l 5 leaching processes 
must be c a r r i e d out and the operations mentioned under 1 and 2 
must be repeated. 
4. Payment f o r s o i l a n alysis w i l l be according to the t a b l e 
u n i t i n v o i c e , a l l r e s u l t s and the c o l l e c t e d samples are m i n i s t e r i a l 
property and i f requested the analyses must be repeated and others 
must be c a r r i e d out. 
This p a r t of planned land p r e p a r a t i o n has been described i n 
some d e t a i l i n order to emphasise the considerable demands on labour, 
s k i l l and time made by land reclamation i n t h i s and s i m i l a r 
environmental c o n d i t i o n s . 
Actual land p r e p a r a t i o n 
Leaching operations had been s t a r t e d e a r l y i n 1974 by 
the Land Reclamation A u t h o r i t y of the Libyan government; on March 
1974 the GCMAP took over t h i s r e s p o n s i b i l i t y and from e a r l y 1974 
to A p r i l 1977 leaching operations were c a r r i e d out. I n January 
1977 s o i l c o n d i t i o n monitoring was performed over a l l the p r o j e c t 
area. 
Sampling 
Samples were taken by auger from the surface layer of a l l 
Djosas i n such a way t h a t the s o i l from f i v e borings would be 
mixed together to make one composite sample. 
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Analysis 
( i ) Chemical analyses 
a D a l l samples were analysed f o r s o i l r e a c t i o n (pH), e l e c t r i c a l 
c o n d u c t i v i t y (E.C.), the r e s u l t of these analyses are shown i n 
Appendix » Bl . 
b. one sample per Kata was analysed f o r cations (Na, K, Ca, 
Mg), Anions (CI, HCOj, S0 4), CaS03, CaS04 and organic matter. The 
r e s u l t s of these analyses are shown i n Appendix-Bl and B2„ 
( i i ) Mechanical analyses 
One sample per Hosha was i n v e s t i g a t e d f o r water c a p a c i t y , 
i n f i l t r a t i o n r a t e , pore volume, and water-soluble boron and 
t e x t u r e . The r e s u l t of these analyses are shown i n 
Appendix-B3 and B l . Here again, the range of requirements f o r 
the s c i e n t i f i c e v a l u a t i o n of s o i l c o n d i t i o n s , as l a i d down i n the 
revised s p e c i f i c a t i o n s , i l l u s t r a t e s the care necessary i n land 
reclamation under these e c o l o g i c a l c o n d i t i o n s ; also the requirement 
f o r q u a l i f i e d personnel to t r a n s l a t e the r e s u l t s of the above 
mentioned analyses i n t o p r a c t i c a l measures to be applied on s i t e . 
Reclamatory c u l t i v a t i o n ^ * ^ 
Reclamatory c u l t i v a t i o n was supposed to be d i r e c t l y 
connected w i t h the r e s u l t s of leaching i . e . i f the E.C. value of 
the f i e l d i s below 8 mmhos/cm then i t i s introduced to reclamatory 
c u l t i v a t i o n . 
Reclamatory c u l t i v a t i o n was to be c a r r i e d out f o r s i x 
consecutive cropping p a t t e r n s i n order to improve the s o i l 
s t r u c t u r e . During those cropping pa t t e r n s t e s t s would be c a r r i e d 
out to f i n d out the most s u i t a b l e crops which would give s u i t a b l e 
economic r e t u r n s under s p e c i f i c s o i l c o n d i t i o n s . The c u l t i v a t i o n 
process or t e c h n i c a l s p e c i f i c a t i o n s were as f o l l o w s -
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A - Preparation of s o i l f o r c u l t i v a t i o n -
1. Removal of embankments w i t h i n the f i e l d s (Djosas) by-
c u l t i v a t o r or grader. 
2. Ploughing under of the previous crop by means of 3-disc or 
7-disc, 32-disc harrow or by rotavator according to the s o i l 
c o n d i t i o n s . 
3. Removal of stones from the f i e l d i f necessary. 
4. Land plan i n g by means of Eversman land planes. 
5. Loosening of the s o i l by means of c u l t i v a t o r . 
6. The f i e l d s (Djosas)require a p r e l i m i n a r y d i v i s i o n i n t o basin 
s t r i p s of 6-10 m. wid t h by embankments, the height of the 
embankments to be determined by the con d i t i o n s on s i t e but 
normally 25 t o 30 cm. 
7. P r e - i r r i g a t i o n - The f i e l d s must be i r r i g a t e d before p l a n t i n g 
i n order to have s u f f i c i e n t moisture f o r germination. 
8. Removal of basin embankments - see A . l . 
9. F e r t i l i z a t i o n - chemical f e r t i l i z e r must be broad-casted by 
means of f e r t i l i z e r spreaders. 
10. Harrowing - by means of harrow i . e . normal harrow and spring 
t o o t h harrows. 
11. Seeding - to be c a r r i e d out by seed d r i l l s . For the d i f f e r e n t 
crops, seeding time, distance and depth are shown i n Table 
Nos. 5-13.1 and 5-1.3.2. A l l seed requirements must be covered 
by c e r t i f i e d seeds. 
(Note:- The processes mentioned under 8,9, 10 and 11 must be 
c a r r i e d out during one day i n order t o keep the s o i l moisture 
f o r germination. 
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12. A f t e r processes 7 to 11 have been c a r r i e d out the basin 
and f i e l d embankments w i l l have been destroyed. Therefore, the 
f i e l d s must be r e d i v i d e d i n t o s t r i p s according to the same 
s p e c i f i c a t i o n s as i n 6 above. 
13. I r r i g a t i o n - t h i s must be c a r r i e d out according t o the demand 
of the p l a n t s . Uneven d i s t r i b u t i o n of water i . e . excess surface 
water and areas without water must be avoided. The f i r s t 
i r r i g a t i o n must not be applied before s p r o u t i n g . The number 
of i r r i g a t i o n s i s determined by the p l a n t requirement. 
14. Plant p r o t e c t i o n - i t has to be ensured t h a t an adequate 
p l a n t p r o t e c t i o n service i s e s t a b l i s h e d . 
15. Harvesting - f o r ce r e a l s , harvesting combines must be used. 
For forage crops, such as a l f a l f a and T r i f o l i u m alexandrinum the 
harvesting process must be mechanised. The hay must be baled 
and p r o p e r l y stored. 
B. S o i l Analysis 
For each season the E.C. value of a l l f i e l d s must be known. 
Therefore, the company must take samples and carry out analyses 
according to schedule. 
C. Crop ownership 
A l l crops i n t h i s pre-production phase were the property 
of the M i n i s t r y of A g r i c u l t u r e & Agrarian Reform. 
D. Plant analysis 
1. Samples must be c o l l e c t e d from each Hosha during the v e g e t a t i v e 
p e r i o d ; the samples should be taken from the p l a n t m a t e r i a l above 
the surface. 
2. Analyses f o r N,P,S,K, Ca, Mg and B must be c a r r i e d out. 
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3. Other elements must be analyzed i f requested. 
E. Cropping 
A cropping p a t t e r n must be e s t a b l i s h e d f o r each season 
according to s o i l c o n d i t i o n , c l i m a t i c c o n d i t i o n s , a v a i l a b i l i t y 
of seeds and previous crops; Table 5-1.3.3 i n d i c a t e s the recommended 
cropping p a t t e r n s f o r the p r o j e c t . This very c l e a r l y i l l u s t r a t e s 
how both the need to continue experimentation and the s p a t i a l 
v a r i a t i o n s i n s o i l c o n d i t i o n s produced a complicated v a r i e t y of 
cropping p a t t e r n s which, i n t u r n , made heavy demands on p h y s i c a l 
inputs and management and s c i e n t i f i c s k i l l s . Tables 5-1.3.1 and 
5-1.3.2 f u r t h e r i l l u s t r a t e how, under c l i m a t i c conditions which 
s t r i c t l y l i m i t sowing periods, and given d i f f e r e n t space and 
depth requirements f o r crops, p e r i o d i c a l l y heavy demands f o r a 
considerable range of mechanical implements and t e c h n i c a l 
understanding by the c u l t i v a t o r s f o l l o w from the need to experiment 
w i t h a wide crop range. Table 5-1.3.4 i l l u s t r a t e s the same p o i n t 
w i t h reference to crop f e r t i l i s e r requirements. I n Table 
5-1.3.5 the range and number of implements s p e c i f i e d give an 
impression of the high c a p i t a l costs involved and the consequence 
of using i n s u f f i c i e n t l y t r a i n e d and s k i l l e d operators and 
mechanics. 
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Table No. 5-1.3.1 Crops and Sowing Dates 
Season Crop Date o f 
p l a n t i n g 
seeds 
Date o f 
l a s t 
p l a n t i n g 
Remarks 
Permanent A l f a l f a 15 Sep. 15 Oct. 
15 Mar. 15 Apr. Reseeding o f 
gaps 
W i n t e r T r i f o l i u m 
a l e x a n d r i u m 15 Sep. 31 Oct. 
B a r l e y 15 Oct. 1 Dec. 
Oats 15 Oct. 1 D e c 
Fenugreek 15 Oct. 15 Nov. 
Summer Sorghum 1 Apr. 15 June 
M i l l e t 1 Apr. 15 June 
Cow peas 1 Apr. 30 Apr. 
Sunflower 15 Mar. 15 Apr. 
Mai ze 1 Apr. 30 Apr. 
Sudan grass 1 Apr. 30 Apr. 
Soya beans 1 Apr. 30 Apr. 
Source : L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n 
Reform Revised T e c h n i c a l S p e c i f i c a t i o n s 
( T r i p o l i , 1976) , p.12. 
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Table No. 5-1.3.2 D i s t a n c e and Depth o f Seeding o f suggested 
crops 
Crop D i s t a n c e between 
rows - cm 
Depth o f 
cm 
seeding 
A l f a l f a 15 - 22 1 - 2 
T r i f o l i u m 
a l e x a n d r i u m 
8 - 18 0.5 - 2 
Barley- 15 - 25 2 - 4 
Fenugreek 15 - 17.5 5 
Sorghum 15 - 17.5 5 
M i l l e t 15 - 17.5 5 
Cow peas 20 - 30 2 - 5 
Sudan grass 40 2 - 4 
Oats 50 4 - 8 
Soya beans 35 - 40 2 - 4 
Maize 40 2 - 4 
Sunflower 50 2.5 - 5 
Source : L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform. 
Revised T e c h n i c a l S p e c i f i c a t i o n s 
( T r i p o l i , 1976), p.13. 
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Table No. 5-1.3.4. Requirement o f N u t r i e n t 
Crop 
N u t r i e n t i n kg/ha. 
N P 205 K 20 
A l f a l f a 50 90 160 
T r i f o l i u m 
a l e x a n d r i u m 
50 100 200 
B a r l e y 60 - 80 60 - 120 120 - 160 
Fenugreek 50 100 200 
Sorghum 100 40 50 
M i l l e t 100 40 50 
Cow peas 40 50 100 
Sudan grass 100 120 200 
Oats 70 - 90 60 - 120 100 - 160 
Soya beans 10 - 20 35 - 60 60 - 100 
Maize 150 - 200 120 - 150 200 - 280 
Sunflower 
i 
50 - 70 30 - 40 80 - 120 
Source : L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform 
Revised T e c h n i c a l S p e c i f i c a t i o n . 
( T r i p o l i , 1976), p.15. 
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Table 5-1.3.5 Implements, e a r l y 1977 
T o t a l 
Number Type o f machine 
Ready 
f o r work 
I n need 
o f 
r e p a i r 
U n r e p a i r -
a b l e 
68 T r a c t o r s 53 11 4 
51 Mowers 24 16 11 
22 Side d e l i v e r y rakes 11 5 6 
33 Medium harrows 31 1 1 
16 C u l t i v a t o r s 14 2 -
11 S p r i n g harrows 11 - -
4 Landplanes 3 1 -
22 Seed d r i l l s 16 1 5 
4 3-disc-ploughs 3 1 -
28 7 - d i s c - p l o u g h s 27 - 1 
15 32-disc-harrows 12 3 -
30 R o t a v a t o r s 18 9 3 
11 B a l e r s 7 4 -
2 Rear mounted angle 2 - -
dozer 
2 E a r t h scoops 2 - -
16 F e r t i l i z e r spreaders 5 4 7 
5 Ato m i z e r s 5 - -
13 T r a i l e r s 9 4 -
18 Motor pumps 14 3 1 
7 Comb ines 6 * 1 
378 273 65 40 
Source: WAKUTL, F i n a l Report 
(Sieg e n , 1977), p.113 
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The c o n s e c u t i v e c r o p p i n g p a t t e r n shown i n t a b l e 5-1.3,3 
should have been c a r r i e d out d u r i n g 1974-1977; some areas were 
c u l t i v a t e d w i t h p r o d u c t i v e crops w h i l e t h e r e s t were c u l t i v a t e d 
w i t h crops t o be ploughed under as green manure f o r i m p r o v i n g 
the s o i l o However, the c r o p p i n g p a t t e r n s (Table No. 5-1,3.6) 
which were a c t u a l l y executed, v a r i e d from those recommended 
(Table 5-1.3.3) due t o v a r i o u s reasons, e,g„ delay o f a r r i v a l of 
imp o r t e d f e r t i l i z e r s and de l a y i n c u l t i v a t i o n due t o slow and 
low s t a n d a r d o f work performance or ad hoc changes made by l o c a l 
management from t i m e t o t i m e . 
I n n e r wind-breaks 
Outer wind-breaks were p l a n t e d d u r i n g the f i r s t phase 
(see P. 124 ) but the n e c e s s i t y o f p l a n t i n g i n n e r wind breaks a l s o 
was r e c o g n i s e d i n the e a r l y d e s i g n s . I n n e r wind-break p l a n t a t i o n s 
d u r i n g phase two - stage 2 a t the same ti m e as l e a c h i n g and l a n d 
r e c l a m a t i o n was t o be executed a c c o r d i n g t o the f o l l o w i n g summarised 
t e c h n i c a l s p e c i f i c a t i o n . 
1. V a r i e t i e s 
Casuarina and t a m a r i s k were t o be p l a n t e d because they 
c o u l d t o l e r a t e t h e c l i m a t e and s o i l c o n d i t i o n s o f the area. 
2. S p e c i f i c a t i o n s o f s e e d l i n g s and c u t t i n g s 
a. Casuarina s e e d l i n g s s h o u l d be 1.00 t o 1,20 m. i n s i z e and 
1 t o 1.5 years o l d w i t h good, h e a l t h y t o p grow t h . 
b. Tamarisk, c u t t i n g s should be 25-30 cm l o n g . The c u t t i n g s 
should be made j u s t beneath a bud. 
3. Where a marl l a y e r i s found beneath t he top s o i l t h i s s h o u l d 
be broken up b e f o r e p l a n t i n g i n o r d e r t o f a c i l i t a t e r o o t 
p e n e t r a t i o n . 
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4. P l a n t i n g d i s t a n c e 
The p l a n t i n g d i s t a n c e of c a s u a r i n a should be 2m x 3m between 
t r e e s and rows r e s p e c t i v e l y , the p l a n t i n g h o l e dimension t o be 
50 x 50 x 5C cm. Tamarisk c u t t i n g s s h o u l d be p l a n t e d on a l l 4 
s i d e s o f each farm a t a d i s t a n c e between c u t t i n g s of 20 cm. 
5. D i s i n f e c t a n t s and a c t i v a t o r s must be used f o r the c u t t i n g s . 
6. I r r i g a t i o n 
Furrows have t o be i r r i g a t e d t o ' f i x ' the s o i l and t o 
remove the s a l t s , and p l a n t i n g s h o u l d then be f o l l o w e d by i r r i g a t i o n 
i m m e d i a t e l y . 
7. R e p l a n t i n g o f gaps must be c o n s i d e r e d one month a f t e r p l a n t i n g . 
8. F i n a l handing over -
a. Casuarina 
l o The row i s c o n s i d e r e d s a t i s f a c t o r y when h e a l t h y t r e e s 
r e p r e s e n t 90% of t h e t o t a l . 
2. None o f the gaps should be more th a n 6 m l o n g . 
b. Tamarisk 
1. 801 o f the c u t t i n g s must be s u c c e s s f u l . 
2. The gaps s h o u l d n o t exceed 40 cm per metre. 
M o d i f i c a t i o n s of Phase Two ° Stage Two 
I n p r a c t i c e , and m a i n l y a r i s i n g from g r e a t e r knowledge gain e d 
o f p e d o l o g i c a l and e c o l o g i c a l c o n d i t i o n s d u r i n g i m p l e m e n t a t i o n , 
v a r i o u s m o d i f i c a t i o n s had t o be i n t r o d u c e d t o t h e o r i g i n a l p r o p o s a l s 
A - F l o o d i n g and Leaching 
1) Machinery S e r v i c e s 
Deep p l o u g h i n g was o r i g i n a l l y s p e c i f i e d t o a d e p t h o f 90 cm. 
but s h a l l o w e r p l o u g h i n g had t o be adopted t o a v o i d t h e c r e a t i o n o f 
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dev rclopment o f s i n k - h o l e s . 
2) Leaching 
I n the o r i g i n a l v e r s i o n E.C. val u e s o f over 8 mmhos/cm were 
regarded as a c c e p t a b l e . However, s i n c e E.C, values of over 
8 mmHos would not a l l o w t h e growth o f many o f the most v a l u a b l e 
p l a n t s i t was recommended a c c e p t i n g o n l y s o i l areas w i t h E.C.'s 
below 8 mmhos. 
3) S o i l Study 
A d i f f e r e n t sampling t e c h n i q u e t o g i v e more r e l i a b l e v a l u e s 
was i n t r o d u c e d , samples now being t a k e n from each 1.35 ha. i n s t e a d 
of 5 ha. 
Sample A n a l y s i s - The E.C. v a l u e s w i l l now be measured 
a f t e r 5 l e a c h i n g processes i n s t e a d o f 10. Th i s proved t o be a more 
r e a l i s t i c approach. Only E.C. va l u e s below 8 mmhos w i l l now be 
regarded as s a t i s f a c t o r y . 
S o i l A n a l y s i s - E.C. values of a l l f i e l d s must now be 
s u p p l i e d each season. 
B - Reclamatory c u l t i v a t i o n 
The d i f f e r e n t processes were b r o u g h t i n t o c o r r e c t o r d e r 
and t he t i m i n g f a c t o r added. Thus, w o r k i n g w i t h t h e m o d i f i c a t i o n 
s p e c i f i c a t i o n s based on changing f i e l d c o n d i t i o n s was then p o s s i b l e 
The crops recommended i n the o r i g i n a l s p e c i f i c a t i o n s were 
not t h e best f o r i m p r o v i n g t he s o i l . The r e v i s e d s p e c i f i c a t i o n 
i n t r o d u c e d new crops based m a i n l y on the p r e v i o u s c r o p , E.C. v a l u e 
and a v a i l a b i l i t y o f seeds. For example graminaceous crops should 
be f o l l o w e d by legumes. 
The maximum s a l i n i t y , as measured by e l e c t r i c a l c o n d u c t i v i t y 
of 8 mmhos/cm, f o r f i e l d s t o be cropped was adopted i n a r a t h e r 
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g e n e r a l way. Between 4 and 8 mmhos s a l i n i t y l e v e l s are i n f a c t 
h i g h i n r e s p e c t of many p l a n t t o l e r a n c e s and more a t t e n t i o n 
should have been p a i d t o s p a t i a l v a r i a t i o n s i n s a l i n i t y below 
the maximum p e r m i t t e d l e v e l . 
(17) 
Maintenance of the p r o j e c t 
In o r d e r t o m a i n t a i n p r o p e r f u n c t i o n i n g o f the Tauorga 
A g r a r i a n Reform p r o j e c t permanent r e p a i r and maintenance of the 
i r r i g a t i o n and d r a i n a g e system, c e n t r a l v i l l a g e , s i n k - h o l e s and 
weed c o n t r o l i s r e q u i r e d . The necessary works have t o be 
c a r r i e d out by t h e Tauorga p r o j e c t s u p e r v i s i o n committee (TPSC) 
by t h r e e d i f f e r e n t teams. Those teams, t h e i r j o b s are l i s t e d 
be low:-
Team f o r c i v i l work 
E x e c u t i o n of c o n c r e t e work on a l l i r r i g a t i o n c a n a l s , 
r e s e r v o i r s , s t r u c t u r e s , c e n t r a l v i l l a g e e t c . 
Team f o r e a r t h work 
E x e c u t i o n o f a l l maintenance and r e p a i r work f o r d r a i n a g e 
d i t c h e s , r e f i l l o f s i n k - h o l e s and r e p a i r of damage caused by 
e r o s i o n . 
Team f o r j o i n t s e a l i n g 
T h is team has t o execute the f o l l o w i n g works i n the e n t i r e 
p r o j e c t a n n u a l l y -
a. c l e a n i n g a l l i r r i g a t i o n canals and r e s e r v o i r s . 
b. checking and r e p a i r i n g a l l j o i n t s e a l i n g . 
R e c r u i t m e n t and b a s i c t r a i n i n g t o und e r t a k e t he above o p e r a t i o n s 
was as f o l l o w s : Libyan workers who were expected t o become 
s e t t l e r f armers i n the p l a n were o b l i g e d t o a t t e n d programmes 
of e d u c a t i o n and t r a i n i n g . 
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Th e planned t r a i n i n g programmes f o r the s e t t l e r s which 
was supposed t o be s t a r t e d i n A p r i l 1974, i n c l u d e d the f o l l o w i n g -
l a n d s e r v i c e s ; method o f c u l t i v a t i o n ; f e r t i l i z i n g ; p r u n i n g ; g r a f t i n g 
weed c o n t r o l ; p l a n t p r o t e c t i o n from p a r a s i t e s , d i s e a s e s and 
i n s e c t s e t c . , d r i v i n g t r a c t o r s and o p e r a t i n g the a g r i c u l t u r a l 
machinery; removing t h e i r i l l i t e r a c y ; i n c r e a s i n g t h e i r c u l t u r a l 
and consciousness. However, no p a r t of t h e programme s t a r t e d 
b e f o r e June, 1975 and s i n c e then v e r y l i m i t e d t r a i n i n g has been 
s t a r t e d . 
(1) At a meeting between t h e committee and c o n s u l t a n t s on 2nd 
June, 1975 t r a i n i n g i n s p r e a d i n g f e r t i l i z e r was planned t o s t a r t 
on 10th June, 1975. '-18-' From the 18 l a b o u r e r s who a t t e n d e d 
the course o n l y two were a b l e t o spread f e r t i l i z e r c o r r e c t l y . 
On 8 t h J u l y , 1975 the p r o g r e s s o f these men was c o n s i d e r a b l e . 
Of 16 l a b o u r e r s who were t e s t e d 6 proved a b l e t o spread f e r t i l i z e r 
c o r r e c t l y , 8 showed a p r o m i s i n g performance and o n l y 2 were unable 
t o do the j o b p r o p e r l y . 
(2) 3 d r i v e r s were t r a i n e d i n the f i e l d f o r d r i v i n g and l e v e l l i n g 
by l a n d p l a n e s . 
(3) On 28 A p r i l 1976 the company brought i n an e x p e r t f o r p l a n t 
p r o t e c t i o n . ^ s f j i T S i a c t i v i t y was t o s t a r t a t r a i n i n g 
programme f o r a s e l e c t e d group o f l a b o u r e r s f o r w o r k i n g w i t h the 
a t o m i z e r . T h i s was a t t e m p t e d t w i c e : the f i r s t time the a t o m i z e r 
n o z z l e s were out o f o r d e r and a t the second a t t e m p t the s e t t l e r s 
were o n l y shown f o r one hour how t h e machines worked. 
(4) On A p r i l 1975 a t r a i n i n g programme f o r d r i v i n g t r a c t o r s 
was s t a r t e d . Fourteen l a b o u r e r s a t t e n d e d the course and by 
mid-June, 1976, 12 managed t o d r i v e t r a c t o r s and c o n s e q u e n t l y 
were a p p o i n t e d and b r o u g h t i n t o f i e l d works; w h i l e 2 f a i l e d 
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the course and were excluded. 
(5) I t was b e l i e v e d t h a t the E g y p t i a n and T u n i s i a n l a b o u r e r s 
w o r k i n g i n the p r o j e c t were good a g r i c u l t u r a l l a b o u r e r s , so 
they were d i s p e r s e d among the Libyan l a b o u r e r s so t h a t , h o p e f u l l y , 
the Libyans c o u l d l e a r n and g a i n e x p e r i e n c e . 
Handing over 
The handing over of the b a s i c p h y s i c a l i n f r a s t r u c t u r e t o o k 
p l a c e from the Eg y p t i a n Boheira Company t o the Libyan government. 
Al t h o u g h the c e n t r a l v i l l a g e was handed over t o the Libyan 
government i n September-October 1976, i t had been u t i l i z e d as the 
a d m i n i s t r a t i v e c e n t r e f o r t h e GCMAP which was o p e r a t i n g i n the 
p r o j e c t , s i n c e A p r i l 1974; t h i s u t i l i z a t i o n i n c l u d e d o f f i c e s , 
workshop, warehouse and 36 houses f o r employees. I n October 1976 
the b a s i c elements of the c e n t r a l v i l l a g e were o p e r a t i n g a f t e r 
being handed over t o s e v e r a l M i n i s t r i e s as f o l l o w s : 
1] The 100 f a r m e r s ' houses were t o be handed over t o 100 of 
c a n d i d a t e s e t t l e r s who were worx in g a l r e a d y as l a b o u r e r s i n the 
p r o j e c t , and who s t a r t e d l i v i n g i n those houses. The q u e s t i o n 
arose again a t t h i s p o i n t o f how t h e s e t t l e r s were t o be s e l e c t e d . 
I t s h ould have proceeded a c c o r d i n g t o the c o n d i t i o n s of t h e 
Law No. 123 of 1970 and i t s e x e c u t i v e l e g i s l a t i o n r e q u i r i n g t h a t 
(21) 
each s e t t l e r -
1. must be a Libyan n a t i o n a l 
2. must be worki n g i n a g r i c u l t u r e or work i n g i n t h e p r o j e c t 
3. must be able t o c a r r y out the r e q u i r e d a g r i c u l t u r a l 
p r o c e s s ; 
4. must not a l r e a d y have an adequate income 
5. should n o t have any income re s o u r c e except from 
a g r i c u l t u r e . 
' ;i '.. ! i u : : c r i t e r i a o t e d on pp.43 & 44. 
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6. should not a l r e a d y possess a farm which i s i n s i z e equal t o 
the farm which w i l l be a l l o c a t e d . I n t h e case o f a l r e a d y 
possessing a farm s m a l l e r t h a n t h e a l l o c a t e d h o l d i n g , he may 
be a l l o c a t e d a p o r t i o n of l a n d t o b r i n g i t up t o s t a n d a r d 
s i z e . 
7. sh o u l d be c o m p l e t e l y f r e e t o farm and s h o u l d n o t be 
p r a c t i s i n g any o t h e r employment. 
8. p r i o r i t y , among those who f u l f i l those c o n d i t i o n s , w i l l be 
g i v e n t o lower income f a m i l i e s . I n the case o f incomes 
be i n g e q u a l , p r i o r i t y w i l l be g i v e n t o t h e l a r g e r f a m i l y 
w i t h a c h o i c e o f h a v i n g a farm or o t h e r employment. 
However, the above mentioned c o n d i t i o n s were n o t i n p r a c t i c e 
d u r i n g t h e s e l e c t i o n o f t h e 100 c a n d i d a t e s e t t l e r s , b u t p r e f e r e n c e 
was g i v e n , f i r s t , t o those f a m i l i e s whose members had been w o r k i n g 
i n t h e p r o j e c t d u r i n g t h e c o n s t r u c t i o n p e r i o d ; s e c o n d l y , t o those 
f a m i l i e s whose s i z e assures an adequate l a b o u r f o r c e ; and f i n a l l y 
those w i t h an inadequate income. 
We must a l s o n o t e t h a t by 1978 the 100 c a n d i d a t e s e t t l e r s 
were o n l y a l l o c a t e d houses and d i d not have a s e p a r a t e l a n d 
a l l o c a t i o n . They were s t i l l p a i d as l a b o u r e r s i n t h e p r o j e c t and 
the c r e a t i o n o f i n d i v i d u a l f a r m i n g e n t e r p r i s e s d i d not occur. 
2) The s c h o o l was handed over t o the M i n i s t r y o f Ed u c a t i o n i n 
M i s u r a t a , who s u p p l i e d t h e t e a c h e r s and the necessary equipment, 
e.g. books, desks e t c . The s c h o o l i s now used f o r t h e c h i l d r e n 
of t h e 100 f a m i l i e s . 
3) The h o s p i t a l was handed over t o the M i n i s t r y o f H e a l t h -
M i s u r a t a who s u p p l i e d t he s t a f f and necessary equipment. The 
h o s p i t a l i s now o p e r a t i n g , except f o r emergency cases which have t o 
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be t r e a t e d i n M i s u r a t a ; an ambulance i s a v a i l a b l e f o r t h i s purpose. 
4) The Bank has not been e s t a b l i s h e d but the post o f f i c e was 
handed over t o the M i n i s t r y o f Wire & W i r e l e s s communication, who 
s u p p l i e d a l l the necessary equipment. 
5) C e n t r a l market - handed over t o the M i s u r a t a p r o v i n c i a l 
a d m i n i s t r a t i o n - e s s e n t i a l l y the m u n i c i p a l i t y a u t h o r i t y o f M i s u r a t a . 
I t i s r e n t e d t o l o c a l t r a d e s p e o p l e and c o n t a i n s shops whi c h s e l l 
v e g e t a b l e s and t i n n e d f o o d i m p o r t e d from M i s u r a t a , and a b u t c h e r . 
6) P o l i c e s t a t i o n - handed over t o t h e M i s u r a t a p o l i c e 
a u t h o r i t i e s who s u p p l i e d t h e s t a f f and a l l necessary equipment. 
7) Resthouse - u t i l i z e d by the GCMAP s i n c e A p r i l 1974. 
8) Mosque - handed over t o M i n i s t r y o f Wakfs, who s u p p l i e d 
t h e necessary f u r n i t u r e . 
9) S e r v i c e s t a t i o n and warehouse were u t i l i z e d by th e GCMAP 
si n c e 1974. 
This e s s e n t i a l l y covers the handover o f t h e c e n t r a l u t i l i t i e s 
and s o c i a l s e r v i c e s c o n c e n t r a t e d i n t h e p r o j e c t v i l l a g e o f Tauorga 
t o the r e g i o n a l a d m i n i s t r a t i o n . The a g r i c u l t u r a l a r e a , which i s 
the p r o d u c t i o n base f o r t h e new v i l l a g e , s t i l l remains i n t h e 
c o n t r o l o f th e P r o j e c t Committee and the M i n i s t r y o f A g r i c u l t u r e . 
Regarding t h e p a r t o f t h e p r o j e c t r e l a t i n g t o development o f 
la n d p o t e n t i a l , the hand over o f t h i s was planned t o ta k e p l a c e 
from t h e GCMAP t o the Tauorga p r o j e c t s u p e r v i s i o n committee (TPSC) 
by A p r i l 1977. 
i ) Reclaimed areas - The t e c h n i c a l c r i t e r i a recommended (by 
WAKUTI as c o n s u l t a n t s ) f o r d e t e r m i n i n g whether l a n d had been 
r e c l a i m e d and was ready f o r handover were an E.C. assessment o f 
8 mmhos/cnj, or lower, and the s o i l s t r u c t u r e had been s u f f i c i e n t l y 
-15 2-
improved i n p h y s i c a l s t a t u s . I n accordance w i t h the r e q u i r e d 
c l a s s i f i c a t i o n , 120.6 ha needed s o i l s t r u c t u r e improvement o n l y 
and 2162.8 r e q u i r e d l e a c h i n g and s o i l s t r u c t u r e improvement. 
U n f o r t u n a t e l y , t h i s hand over d i d n o t take p l a c e because t h i s g o a l 
was n o t achieved f o r s e v e r a l reasons (see c h a p t e r 6 ) . 
i i ) Crops produced are TPSC p r o p e r t y and i n c l u d e (a) crops 
produced s e a s o n a l l y from t h e r e c l a i m e d a r e a s , such as a l f a l f a , 
b a r l e y , wheat e t c . and (b) b y - p r o d u c t s o f the land r e c l a m a t i o n 
stage such as b a r l e y s t r a w , wheat s t r a w , m i l l e t e t c . 
H y p o t h e t i c a l and A c t u a l end o f Phase Two : Summary statement 
Phase Two-Stage 2 o f th e p r o j e c t development s h o u l d have ended by 
November 1975 w i t h t h e f o l l o w i n g achievements -
1. I n terms o f l a n d development p o t e n t i a l -
a) the r e c l a m a t i o n o f t h e p r o j e c t area, r e d u c i n g s o i l 
s a l i n i t y i n the r o o t zone t o an E.C. l e v e l t o below 
8 mmhos/cm, i m p r o v i n g t h e s o i l p h y s i c a l s t a t u s and 
g e n e r a l l y a c h i e v i n g good p h y s i c a l l a n d c o n d i t i o n . 
b) d i s t r i b u t i o n o f the p r o j e c t l a n d t o the 300 s e t t l e r s 
i n h o l d i n g s o f about 10 ha. each f a m i l y . 
2. The farmers s e l e c t e d and w e l l t r a i n e d and educated t o 
manage t h e i r farms. 
However, t he o b j e c t i v e s a c t u a l l y a chieved were as f o l l o w s -
1) Out o f the proposed 300 f a r m e r s ' houses, o n l y 100 were 
c o n s t r u c t e d and were g i v e n t o 100 f a m i l i e s . 
2) I n terms of l a n d development p o t e n t i a l -
a) The f o l l o w i n g areas had been leached s i n c e Phase 2 -
stage 2 as shown i n Table No. 5-1.3.7. 
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Table No. 5-1.3.7 
Year Area leached 
ha. 
1975 391 
1976 372 
1977 320 
T o t a l 1,083 
Source: L i b y a n S e c r e t a r i a t o f A g r i c u l t u r e ; Achievements 
o f t he R e v o l u t i o n , ( T r i p o l i , 1978), p.129 
Only i n t h r e e hoshas, w i t h a combined area o f 159.5 ha. 
Nos. 16, 17 and 28 was t h e E.C. v a l u e reduced below 8 mmhos/cm; 
on a f u r t h e r 437 ha. s a l i n i t y was decreased from o r i g i n a l l e v e l 
(22) 
t o a l e v e l o f below 10 mmhos/cm. 
b) Stones were removed from most o f the p r o j e c t a r e a , 
except i n hoshas Nos. 13 and 14 t o t a l l i n g 102.5 ha - and the 
s o i l ' s p h y s i c a l s t a t u s o n l y improved i n some f i e l d s . 
f 23") 
c) Windbreaks 
Outer - by 1977 a l l t he proposed t r e e s were e s t a b l i s h e d 
I n n e r - by 1977, 90% o f the proposed t r e e s were c u l t i v a t e d . 
d) D i s t r i b u t i o n o f farms t o the s e t t l e r s d i d n o t t a k e 
p l a c e y e t , but postponed i n d e f i n i t e l y . 
e) True farmer s e t t l e r s are s t i l l n o t i d e n t i f i e d and t h e 
100 f a m i l i e s who have been g i v e n houses are employed i n the 
p r o j e c t as monthly wage l a b o u r e r s . 
f ) Even these p o t e n t i a l s e t t l e r s were not educated a t 
a l l and very l i m i t e d t r a i n i n g was g i v e n (see pp.147-149). 
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PART TWO 
5-2 P r o j e c t ' s O b j e c t i v e s 
The Libyan Government had ta k e n a b a s i c d e c i s i o n t o e s t a b l i s h 
new s e t t l e m e n t and new a g r i c u l t u r a l p r o d u c t i o n on r e c l a i m e d land. 
Thus, Government p o l i c y has c r e a t e d the f o l l o w i n g demands -
5-2,1 A g r i c u l t u r a l p r o d u c t i o n = t h i s has been p a r t l y 
covered i n Chapters 3,4 and 5-1 and w i l l be examined f u r t h e r i n 
l a t e r e v a l u a t i o n . 
However, Government p o l i c y was n o t merely a g r i c u l t u r e 
e x p l o i t a t i o n , b u t a l s o , s i m u l t a n e o u s l y , t h e development of t h e 
o a s i s i n h a b i t a n t s . Thus t h e f o l l o w i n g a d d i t i o n a l demands a r i s e 
from these development o b j e c t i v e s -
5-2.2 Market Demands [ p r o j e c t e d ) i . e a t h e ways i n w h i c h , 
t h r o u g h market mechanisms, t h e p r o d u c t i o n (analysed under 5-2.1 
above) i s t r a n s l a t e d i n t o income a c c r u i n g t o t h e p r o j e c t and 
the p r o j e c t ' s f a r m e r s . 
5-2.3 Imp r o v i n g the socio-economic and c u l t u r a l l i f e i n t h e 
area i . e . the demands made by g e n e r a l p o l i c y and are met by the 
income n o t e d under 5-2.2 above and a l s o by Government i n p u t s i n t h e 
p r o v i s i o n o f s e r v i c e s and f a c i l i t i e s , e„g. e d u c a t i o n , h e a l t h 
s e r v i c e s e t c . 
These demand f a c t o r s have some p a r t i c u l a r c h a r a c t e r i s t i c s : -
1) A l l but the market demand f a c t o r s are c r e a t e d by government 
p o l i c y and government c a p i t a l . 
2) Market demand f a c t o r s e.g. f o r p r o d u c t s o f the newly c u l t i v a t e d 
l a n d , may be i n f l u e n c e d by government e.g. t h r o u g h s u b s i d i e s o f 
p r o d u c t i o n or s a l e s p r i c e s or t a r i f f on i m p o r t s , e t c . 
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I n the case o f L i b y a , t h e p r i c e o f a g r i c u l t u r a l p r o d u c t s 
f i r s t become s e t by g l o b a l p r i c e s a g a i n s t which domestic a g r i c u l t u r a l 
p r o d u c t s c o u l d n o t compete because o f p r o d u c t i o n i n e f f i c i e n c i e s 
and s e c o n d l y , by the growing p r a c t i c e of s u b s i d i s i n g t h e consumer 
and m a i n t a i n i n g low f o o d p r i c e s o f a l l p r o d u c t s , i m p o r t e d and 
domestic. 
Government a c t i o n g i v e s consumer s u b s i d i e s by a r t i f i c a l l y 
l o w e r i n g p r i c e s o f i m p o r t e d goods e.g. 0.05 L.D per kg. sugar 
and domestic p r o d u c t s e.g. 0.30 L.D. per kg. o l i v e o i l . I t a l s o 
g i v e s producer s u b s i d i e s p a r t l y t h r o u g h cheap c a p i t a l e.g. ho u s i n g , 
farms, equipment, e t c . and p a r t l y t h r o u g h s p e c i f i c a s s i s t a n c e 
w i t h access t o market - cheap t r a n s p o r t , s u b s i d i s e d f e r t i l i z e r s , 
seeds, i n s e c t i c i d e s e t c . 
A l l t h i s has r e q u i r e d the f o r m a t i o n o f a number of d i f f e r e n t 
types o f agencies w i t h d i r e c t government a s s i s t a n c e i n an a t t e m p t 
t o promote a g r i c u l t u r e p r o d u c t i o n e.g. a g r i c u l t u r e c o o p e r a t i v e 
s o c i e t i e s , the a g r i c u l t u r e bank and the General Company f o r 
P r o d u c t i o n and A g r i c u l t u r e M a r k e t i n g , e t c . 
At the same t i m e , t h e demand f a c t o r s d i r e c t from government 
i . e . r a i s i n g a g r i c u l t u r e p r o d u c t i o n , l i v i n g s t andards etc.,also 
depend on the presence or g r o w t h o f some o t h e r demand f a c t o r s i n 
th e l o c a l p o p u l a t i o n e.g. a s u f f i c i e n t d e s i r e f o r t h e r e a l i t i e s o f 
h i g h e r l i v i n g s t andards t o p r o v i d e m o t i v a t i o n t o s t r i v e f o r h i g h e r 
p r o d u c t i v i t y , h i g h e r income e t c . W i t h o u t such m o t i v a t i o n 
t e c h n i c a l aspects o f t h e p r o j e c t i n i s o l a t i o n , w h i l e t h e y may 
remain c r i t i c a l i n s p e c i f i c ways, become of secondary importance. 
5—2.2 Market Demand and Supply : v o l u m e t r i c approach 
Here we c o n s i d e r t h e e q u a t i o n between planned and p r o j e c t e d 
v a l u e s o f p r o d u c t p r o d u c t i o n and market s , 
The market i s o f course n o t a g e n e r a l h y p o t h e t i c a l market, 
but i s a composite o f v a r i o u s market demands f o r s p e c i f i c 
commodities and these w i l l be a f f e c t e d by p r i c e and income 
f l u c t u a t i o n s e t c . and by government p o l i c y . The su p p l y o f these 
commodities i s i t s e l f n o t a f i x e d v a r i a b l e i n t h a t p r o d u c t i o n 
w i l l be governed by p h y s i c a l f e a s i b i l i t i e s , s p e c i f i c p r o f i t a b i l i t i e s 
and by the c h o i c e o f planned c r o p p i n g p a t t e r n s w h i c h are judged 
t o be a p p r o p r i a t e t o t h e new s e t t l e r s c a p a b i l i t i e s and t o p r o v i d i n g 
s u i t a b l e incomes t o t h e s e t t l e r s - t h i s b e i n g one i n t e g r a l 
o b j e c t i v e o f the p r o j e c t . 
The market i n Tauorga Oasis d e a l s w i t h s m a l l q u a n t i t i e s 
o f some a g r i c u l t u r a l commodities, among o t h e r s , s u i t e d t o t h e low 
o u t p u t and low income o f t h e i n h a b i t a n t s ; most o f t h e food items 
are o n l y s l i g h t l y changed e.g. d a t e s , from t h e form i n which they 
are h a r v e s t e d from t h e farm p l o t s . Of t h e t h r e e main crops i n 
the t r a d i t i o n a l s e c t o r dates are produced i n s u f f i c i e n t q u a n t i t y 
t o meet l o c a l demand, b u t b a r l e y and wheat g i v e poor y i e l d s 
and p r o d u c t i o n does n o t s a t i s f y demand. This u n s a t i s f i e d demand 
n a t u r a l l y w i l l be c o n c o m i t a n t w i t h h i g h p r i c e , p a r t i c u l a r l y i f 
t h e r e i s no c o n t r o l on p r i c e and/or t h e s u p p l y i n g o f t h i s demand 
by i m p o r t s . 
T h e r e f o r e , t h e new Tauorga p r o j e c t was c r e a t e d by the 
government, h o p e f u l l y , as a p o t e n t i a l and v i a b l e p r o d u c t i o n u n i t , 
f i r s t s u p p l y i n g goods r e l e v a n t t o l o c a l and r e g i o n a l demand and, 
secondly capable o f e x t e n d i n g t h i s p o t e n t i a l t o r e a l i z e 
p a r t i c i p a t i o n i n i n c r e a s i n g domestic or n a t i v e a g r i c u l t u r a l 
p r o d u c t i o n i n L i b y a as a whole. The f i r s t aim, i n f a c t , cannot 
be a c h i e v e d i n i s o l a t i o n from t h e second; t h i s i s obvious t h r o u g h 
i d e n t i f y i n g t h r e e c o n s e c u t i v e stages o f development. The f i r s t 
i s s e l f s u f f i c i e n c y where the producer i s h i s own market and 
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t h e r e are as many o u t l e t s f o r a g r i c u l t u r a l produce as t h e r e are 
p r o d u c e r s . The second stage i n v o l v e s t h e e x i s t e n c e and use 
of l o c a l markets and exchange f a c i l i t i e s . The t h i r d and f i n a l 
stage comes w i t h the i n t e r v e n t i o n o f l a r g e f o o d - p r o c e s s i n g 
i n d u s t r i e s and i n s t i t u t i o n a l buyers w i t h l a r g e s c a l e economies 
which b e g i n to dominate the a g r i c u l t u r a l markets. 
T h e o r e t i c a l l y t h e f i r s t and second aims - l o c a l and n a t i o n a l 
s u p p l y of demand - f i t i n w i t h these stages Nos. 1 and 2, but i n 
p r a c t i c e can not y e t be assessed b e f o r e d e t e r m i n i n g t h e f i n a l 
t o t a l volume of p r o d u c t i o n o f the p r o j e c t . Only then can one 
a s c e r t a i n whether the p r o j e c t w i l l m a i n l y produce commodities 
whic h can be s u b s t i t u t e d f o r i m p o r t s i n t o t he Tauorga r e g i o n -
w i t h a l l t h i s i m p l i e s - or can produce s u r p l u s e s f o r o t h e r r e g i o n s . 
I n o r d e r t o e s t a b l i s h the v o l u m e t r i c r e l a t i o n s h i p between 
the p l a n n e d p r o d u c t i o n o f the Tauorga p r o j e c t and market demands, 
l e t us f i r s t assume the f o l l o w i n g : 
The new farm p r o d u c t s w i l l be consumed by the f a r m e r s and 
t h e i r f a m i l i e s i n the f i r s t p l a c e ; s u r p l u s e s w i l l be f o r s a l e 
t o s u p p l y l o c a l Tauorga consumption; any f u r t h e r s u r p l u s 
q u a n t i t i e s w i l l be f o r s u p p l y i n g e x t e r n a l markets - p r i m a r i l y i n 
L i b y a . T h i s i s s t a t e d a t l e n g t h i n the P r o j e c t O b j e c t i v e s . 
Very l i t t l e p r e c i s e data i s a v a i l a b l e f o r t h e measurement 
of volumes of p r e s e n t or p r o j e c t e d supply and demand, but from 
a v a r i e t y o f sources we can e s t i m a t e a t l e a s t t h e o r d e r of 
magnitude of t h e p r o d u c t i o n o f crops ( g i v e n t h e l a n d use 
recommendation.- of GAUDRL - see Table 5-2.2.1) and a l s o t h e 
o r d e r of magnitude o f s u r p l u s e s or d e f i c i t s o f the h a r v e s t e d 
p r o d u c t s r e l a t i v e t o (a) domestic and (b) l o c a l demand. 
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I n t h e f o l l o w i n g pages a) e s t i m a t e d planned p r o j e c t 
p r o d u c t i o n and b) an e s t i m a t i o n o f p r e s e n t Tauorga p o p u l a t i o n 
p o t e n t i a l demand f o r a g r i c u l t u r a l p r o d u c t s based on average per 
c a p i t a consumption i n Liby a X p o p u l a t i o n are shown. 
A f t e r t h e p r e l i m i n a r y years o f l e a c h i n g , r e c l a m a t o r y 
c u l t i v a t i o n and a s c e r t a i n i n g w a t e r s u p p l i e s from Tauorga s p r i n g s , 
a permanent c u l t i v a t i o n p l a n t o be a p p l i e d on t h e p r o j e c t was 
recommended by the GAUDRL o f Egypt. This p l a n i s shown i n 
Table No. 5-2.2.1. 
From p e r s o n a l f i e l d knowledge t h e l a n d use and c r o p p i n g 
p a t t e r n b e i n g e s t a b l i s h e d does n o t conform t o t h e p l a n . By t h e 
end o f 1977 the d e c i s i o n o f the M i n i s t r y o f A g r i c u l t u r e and 
A g r a r i a n Reform t o p l a n t not l e s s t h a n 500 has. o f date palms 
was b e i n g implemented. By t h e end o f 1977 no o t h e r t r e e 
crops had been p l a n t e d except t h a t by e a r l y 1977 about 950 
s e e d l i n g s o f f i g s and pomegranate were p l a n t e d a t the s i d e o f 
(2 51 
d r a i n a g e No.7 t o serve as wind b r e a k s . ^ J 
I n t h i s c h a p t e r and i n the s e c t i o n on income from ' o f f 
f a r m ' s a l e s t h e r e f o r e , e s t i m a t e s are made o f the volume and v a l u e 
o f p r o d u c t i o n on t h e b a s i s o f the planned c r o p p i n g p a t t e r n . 
E s t i m a t e d planned p r o j e c t p r o d u c t i o n 
Estimates o f t h e p r o d u c t i o n volume can o n l y be b?.=ed on 
c e r t a i n assumptions o f p r o p o r t i o n a l areas devoted t o p a r t i c u l a r 
c r o p s , assumptions which l o g i c a l l y f o l l o w from an a n a l y s i s o f 
the v e r y g e n e r a l recommendations made by GAUDRL. I n Table 
No. 5-2.2.2 the areas shown as devoted t o i n d i v i d u a l crops are 
u t i l i s e d as g i v i n g reasonable o r d e r s o f magnitude o f d e t a i l s o f 
l a n d use. Since no f i n a l i m p l e m e n t a t i o n o f the GAUDRL de s i g n was 
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Table No. 5-2„2„2 The areas devoted t o i n d i v i d u a l 
crops 
Crop Area ha. Crop Area ha. 
Kidney beans 114.179 Almond 152.238 
Phaseolus 114.179 O l i v e 152.238 
Watermelon 114.179 Guava 152.238 
Potatoes 
(Summer) 
114.179 C i t r u s 152.238 
Potatoes 
( W i n t e r ) 
114.179 Grapes 152.238 
Onion, d r y 114.179 Pomegranate 152.238 
Tomatoes 114.179 B a r l e y 152.238 
Peas, green 114.179 A l f a l f a 228.358 
Groundnut 456.716 Oats / 
114.179 
Wheat 152.238 v.beans \ 
Broad beans, 
d r y 
152.238 Sorghum 114.179 
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c a r r i e d out t h i s i s the n e a r e s t a p p r o x i m a t i o n on which we can base 
l a t e r e s t i m a t e s o f i n p u t and o u t p u t v a l u e s . 
The average y i e l d q u a n t i t i e s per ha. f o r the a g r i c u l t u r a l 
crops recommended i n the p l a n can be e s t i m a t e d from t h r e e sources:= 
1) Data from the p r o j e c t i t s e l f . 
2) Data from a d j a c e n t e x p e r i m e n t a l f a r m . 
3) Data based on the average p r o d u c t i o n o f Libya. 
While t he f i r s t and second types o f da t a are p o s s i b l e t o a p p l y 
d i r e c t l y w i t h c a r e , t h e t h i r d i s i m p o s s i b l e u n l e s s s p e c i f i c 
c o r r e c t i o n s are made f o r l o c a l c o n d i t i o n s , o f which water s a l i n i t y 
i s the most i m p o r t a n t . Thus, where t h e t h i r d c r i t e r i o n i s a p p l i e d 
a s t a n d a r d y i e l d decrement has been c o n s i d e r e d , * a c c o r d i n g 
t o Appendix-C which shows t h e expected decrease i n p r o d u c t i o n 
w i t h r e g a r d t o water s a l i n i t y . T h e r e f o r e , average y i e l d q u a n t i t i e s 
per ha„ f o r t h e a g r i c u l t u r a l crops recommended i n the p l a n can be 
e s t i m a t e d as shown i n Table No. 5°2.2.3. 
Based on the s i z e o f the areas devoted t o i n d i v i d u a l crops 
and on the average y i e l d q u a n t i t i e s per ha., the q u a n t i t i e s o f 
p r o d u c t s from t he p r o j e c t area t o be expected are shown i n 
Table No. 5=2.2.4 
U n f o r t u n a t e l y , these h y p o t h e t i c a l p r o d u c t i o n l e v e l s as 
g i v e n i n Table No. 5=2.2.4 are expected t o be even l e s s as 
one c o n s i d e r s t h a t t h e s o i l s a l i n i t y even a f t e r l a n d p r e p a r a t i o n 
i s o f t e n more than 4.2 mmhos/cm p a r t i c u l a r l y s i n c e t he i r r i g a t i o n 
water s a l i n i t y averages about 2900 ppm T.D.S. Furth e r m o r e , t he 
r a t e s o f wastage i n h a r v e s t i n g a re c o n s i d e r a b l e . A c c o r d i n g t o 
the M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform t h i s l o s s r a t e 
i s e s t i m a t e d a t some 15 per cent f o r wheat, b a r l e y , o l i v e s and 
-estimated average p r o d u c t i o n f o r the Tauorga p r o j e c t = Average 
p r o d u c t i o n i n L i b y a - Standard y i e l d decrements,. 
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Table No. 5°2.2.3 E s t i m a t e d average y i e l d q u a n t i t i e s 
Crops 
Average y i e l d 
tonne/ha. Crops 
Average y i e l d 
tonne/ha. 
Kidney beans z Almond 1.95^ 1 2> 
Phaseolus O l i v e s 2 . 5 2 ^ ^ 
Water melon 1 . 5 0 ( 3 > Guava 6.5 < 1 4> 
Potatoes 
(Summer) 
3 . 2 1 ^ C i t r u s 
Potatoes 
( W i n t e r ) 
1 . 6 8 5 ( 5 ) Grapes 1 . 9 5 ^ 
Onion,dry 2 . 9 5 ^ Pomegranate 5 . 6 5 ^ 
Tomatoes 3 ^ B a r l e y 0 . 8 2 ^ 1 8 ) 
Peas , green 2 . 8 5 ^ A l f a l f a ( h a y ) 15. 9 5 3 C l 9 ' ) 
Groundnut 2 . 0 9 ^ Oat ( . . 
+ „ r , m i x t u r e Vetch( 
Wheat 1 . 0 0 t l 0 ) 
) 
Sorghum 8.37^ 2 1^ 
Broad beans, 
dry 
o W 1 1 5 
i 
Note : Y i e l d s have been c o n v e r t e d from t h e standards quoted i n 
the source by the use o f expected decrements due t o s a l i n i t y . 
(See Appendix- C ) 
Sources :-
(1) L ibyan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
V e g e t a b l e C u l t i v a t i o n - Summary and R e s u l t s 
( T r i p o l i , 1973), p.27. 
(2) I b i d , p.26. 
(3) WAKUTI, o p . c i t . , ( 1 9 7 7 ) , p.78. 
(4) Libyan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Pot, a toe c u l t i v a t i o n ( T r i p o l i , 1976), p. 5. 
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(5) I b i d , p.5. 
(6) FAO, P r o d u c t i o n Yearbook, 1973 Vol.27, Room,(1974), p.158. 
(7) WAKUTI, o p . c i t . , ( 1 9 7 7 ) , p.78. 
(8) FAO, o p . c i t . , p.163 
(9) I b i d , p.131 
(10) WAKUTI, o p . c i t . , ( 1 9 7 7 ) , p.78. 
(11) FAO, o p . c i t . , p.106. 
(12) L i b y a n M i n i s t r y o f P l a n n i n g and S c i e n t i f i c Research, 
C o l l e c t i o n o f Census ( T r i p o l i , 1974), p.186. 
(13) I b i d , p.126. 
(14) Shaheen, Tauorga, J u l y , 1 9 7 9 , L e t t e r s communication. 
(15) L i b y a n M i n i s t r y o f P l a n n i n g and S c i e n t i f i c Research, 
o p . c i t . , p.125. 
(16) FAO, o p . c i t . , p.167. 
(17) Shaheen, A. Tauorga, J u l y , 1979, L e t t e r s communication. 
(18) WAKUTI, o p . c i t . , ( 1 9 7 7 ) , p.78. 
(19) L i b y a n GCMAP, O f f i c e Calendar ( T r i p o l i , 1977) 
(20) L i byan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Oats and Vetch C u l t i v a t i o n ( T r i p o l i , 1 9 7 6 ) , p.6. 
(21) China R e p u b l i c , Report o f F i e l d Experiments Conducted 
i n Tauorga ( T r i p o l i , March 1967), p.9. 
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Table No. 5°2.2.4 E s t i m a t i o n o f the expected a g r i c u l t u r e 
p r o d u c t i o n from the p r o j e c t area 
Crop 
Expected prod= 
u c t i o n from 
p r o j e c t 
Tonne 
Crop 
Expected p r o d -
u c t i o n from 
p r o j e c t 
Tonne 
Kidney beans 570.875 Almond 296.79 
Phaseolus 430.439 O l i v e 383.544 
WatermeIon 171.262 Guava 989.30 
Potatoes 
(Summer) 
366.501 C i t r u s 1012.13 
Potatoes 
( W i n t e r ) 
192.384 Grapes 296.79 
Onion,dry 336.816 Pomegranate 859.93 
Tomatoes 342.525 B a r l e y 124.804 
Peas,green 325.398 A l f a l f a 3642.995 
Groundnut 954.536 0 a t s ( m i x t u r e 
v.beans\ 
3642.995 
Wheat 152.20 
Broad beans, 
dry 
101.669 Sorghum 955.678 
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d r i e d dates. J Another aspect i s t h a t a s i g n i f i c a n t p r o p o r t i o n 
of c e r t a i n crops such as onions and groundnuts are o f t e n l e f t 
f 271 
unharvested. J Losses i n poorly designed storage systems are 
also h i g h . 
Securing and maintaining a r e a l i s t i c production l e v e l also 
assumes p r i c e s to the producer which w i l l encourage production, and 
p r i c e s t o the consumer which w i l l encourage consumption of these 
p a r t i c u l a r products - t h i s q u i t e apart from measures of government 
i n t e r v e n t i o n . I n a d d i t i o n , as considered elsewhere i n t h i s t h e s i s , 
there are a l l the other production requirements e.g. management 
and, of course, the o b j e c t i v e of v i a b l y p r o v i d i n g the s e t t l e r s w i t h 
l e v e l s of income which assure a reasonably high standard of 
l i v i n g e tc. 
Estimation of a g r i c u l t u r e commodities consumption 
Before one can s t a r t e s t i m a t i n g the surplus production from 
the p r o j e c t area, the q u a n t i t i e s of a g r i c u l t u r a l products which 
w i l l be consumed by the s e t t l e r s must be considered. This w i l l be 
based on an estimated average consumption per c a p i t a i n Libya, 
unless otherwise i n d i c a t e d : 
Average t o t a l production of Libya f o r 3-5 years of 1970s 
Average t o t a l p o p u l a t i o n of Libya f o r 3-5 years; of 1970s* 
Consideration has been given to use of s t o r a b l e and canned 
commodities as much as p o s s i b l e . Table No. 5°2.2.5 shows the 
estimated average consumption per c a p i t a i n Libya. 
As f a r as fodder i s concerned there i s no data a v a i l a b l e 
concerning l i v e s t o c k i n the Tauorga region. We, t h e r e f o r e , have to 
assume, i n the absence of c o n t r a r y i n f o r m a t i o n , t h a t a l l p r o j e c t 
fodder production w i l l be surplus to l o c a l requirements and w i l l be 
* E f f o r t s are made to apply the same years as those used f o r the 
average t o t a l p r o d u c t i o n . 
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Table 5-2.2.5 E s t i m a t e d average consumption 
i n L i b y a - k g A 
A g r i c u l t u r a l 
Commodity 
E s t i m a t e d av-
erage consum-
p t i o n per 
c a p i t a i n 
L i b y a kg. 
A g r i c u l t u r a l 
Commodity 
E s t i m a t e d av-
erage consum-
p t i o n per 
c a p i t a i n 
L i b y a kg. 
Kidney beans* 1 . 3 6 6 ^ O l i v e s * * * 1 1 . 5 9 ^ 2 ) 
Phaseolus ** 0 . 4 5 5 ( 2 ) Guava+ 1.48^3) 
Watermelon 11.063^ 3 : ) C i t r u s + + 6.795C 1 4) 
Potatoes 4 . 466 ^ Grapes+++ 3 . 7 8 1 ^ 1 5 ) 
Onion, d r y 1 0 . i o o ( 5 ) Pomegran-
ate++++ 
3 . 7 8 1 U 6 ) 
Tomatoes 5 . 1 7 9 ( 6 ) B a r l e y -
Peas, green 0 . 4 5 5 ^ A l f a l f a -
Ground nut 5 . 0 7 9 C 8 ) Oats \ 
Wheat 15. 7 3 ^ v.beans ' 
Broad beans 1.366^ 1 0) Sorghum -
Almond 1.015^11) 
( x ) For the average t o t a l p o p u l a t i o n o f L i b y a ; L ibyan M i n i s t r y o f 
P l a n n i n g ; P o p u l a t i o n Census, ( p r e l i m i n a r y r e s u l t s ) 
( T r i p o l i , 1973), p.9 i s used. 
* E s t i m a t e d as broad beans 
peas, green 
*** O l i v e o i l and p i c k l e d 
+ E s t i m a t e d as f i g s 
++ Orange, Tangerines and lemon 
+++ Fresh and j u i c e 
+ + + + E s t i m a t e d as grapes 
Sources: 
(1) FAO, o p . c i t . , p.106. 
(2) I b i d , p.161. 
(3) I b i d , p.165. 
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(4) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Potatoe C u l t i v a t i o n ( T r i p o l i , 1976), pp.5-8. 
(5) L i b y a n M i n i s t r y o f P l a n n i n g and S c i e n t i f i c Research, 
C o l l e c t i o n o f Census ( T r i p o l i , 1974), p.134. 
(6) I b i d , p.124. 
(7) FAO, o p . c i t . , p.161. 
(8) L i b y a n M i n i s t r y o f P l a n n i n g and S c i e n t i f i c Research, 
C o l l e c t i o n o f Census, ( T r i p o l i , 1974), p.124 
(9) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, o p . c i t . , 
( T r i p o l i , 1976b), pp.49-51; And L i b y a n M i n i s t r y oT 
P l a n n i n g and S c i e n t i f i c Research, C o l l e c t i o n o f Census, 
( T r i p o l i , 1974), p.123. 
(10) FAO, o p . c i t . , p.106. 
(11) I b i d , p.186. 
(12) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
O l i v e F l y ( T r i p o l i , 1973), p.3. 
(13) L i b y a n M i n i s t r y o f P l a n n i n g and S c i e n t i f i c Research 
C o l l e c t i o n o f Census, ( T r i p o l i 1974), p.126. 
(14) FAO, o p . c i t . , pp.176-178; And L i b y a n M i n i s t r y o f 
P l a n n i n g and S c i e n t i f i c Research, C o l l e c t i o n o f 
Census ( T r i p o l i , 1974), p.125. 
(15) L i b y a n M i n i s t r y o f P l a n n i n g and S c i e n t i f i c Research, 
C o l l e c t i o n o f Census ( T r i p o l i , 1974), p.128. 
(16) L o c . c i t . 
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marketed t o o t h e r r e g i o n s e.g„ T r i p o l i . 
A f t e r e s t i m a t i n g t h e expected a g r i c u l t u r a l p r o d u c t i o n from 
the p r o j e c t and the e s t i m a t e d per c a p i t a consumption, i t becomes 
p o s s i b l e t o know i f those a g r i c u l t u r a l q u a n t i t i e s can s a t i s f y t h e 
demand o f the f u t u r e s e t t l e r s or w i l l be s u r p l u s which r e p r e s e n t 
' o f f - f a r m ' s u r p l u s volume or whether t h e r e would be any d e f i c i t . 
This i s shown i n Table No. 5-2.2.6, 
Those s u r p l u s volumes would be ' o f f - f a r m ' s a l e s and i n 
the f i r s t p l a c e can supply the Tauorga r e g i o n demand, b u t s i n c e 
a p p a r e n t l y t h i s volume would exceed t h e Tauorga r e g i o n p o t e n t i a l 
market consumption a g a i n t h e r e s h o u l d be s u r p l u s q u a n t i t i e s as 
shown i n Table No. 5-2.2.7. 
Since Tauorga r e g i o n has long been s u p p l i e d w i t h a g r i c u l t u r e 
commodities from M i s u r a t a , b e f o r e the c r e a t i o n o f the p r o j e c t , 
i t i s n o t wise t o t h i n k o f e x p o r t i n g the s u r p l u s q u a n t i t i e s 
from Tauorga p r o j e c t t o t h i s c i t y r e g i o n which a l r e a d y has a 
s u r p l u s of many commodities. Not o n l y i s t h e r e the q u e s t i o n o f 
p h y s i c a l l y d i s p o s i n g of commodities i n t h i s way but t h e supply 
of a d d i t i o n a l s u r p l u s e s would be l i k e l y t o produce a problem o f 
d e c r e a s i n g p r i c e s . On t h e c o n t r a r y one must t h i n k r a t h e r of t h e 
f u t u r e d i r e c t i o n o f f l o w o f the o r i g i n a l a g r i c u l t u r a l commodities 
c h a n n e l l e d t h r o u g h M i s u r a t a t o Tauorga which would now be r e p l a c e d 
by the new p r o j e c t ' s p r o d u c t i o n . 
For t h i s reason, a l t h o u g h M i s u r a t a i s the n e a r e s t c i t y t o 
Tauorga, the p r o j e c t ' s p r o d u c t s are u n l i k e l y t o be e x p o r t e d 
t o i t , b u t ra her w i l l have t o f i n d a market i n T r i p o l i . Table 
No. 5-2.2.8 shows t h e a g r i c u l t u r e commodities o f o f f - f a r m 
s a l e s , q u a n t i t i e s t o be e x p o r t e d t o t h e Tauorga r e g i o n and t h e 
q u a n t i t i e s t o be e x p o r t e d t o T r i p o l i . 
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Table No.5-2.2.6 Surplus or d e f i c i t o f the a g r i c u l t u r e 
commodities 
A g r i c u l t u r a l 
Commodity 
Expected p r o d -
u c t i o n from 
the p r o j e c t 
area 
Est imated 
q u a n t i t i e s 
consumed by 
the 300 
s e t t l e r s ' fam-
i l i e s (5.8 
each).Tonne 
Surp l u s 
, <? r-D e f i c i t 
Kidney beans 570.875 2. 376 + 568.499 
Phaseolus 430.439 0.791 + 429.648 
Watermelon 171.262 19.249 + 152.013 
Potatoes 558.885 7.770 + 551.115 
Onion,dry 336.816 17.400 + 319.416 
Tomatoes,fresh 342.525 9.011 + 333,514 
Peas,green 325.398 0.791 + 324.607 
Ground nut 954.536 8.837 + 945.699 
Wheat 152.2 27.370 + 124.83 
Broad beans, 
d r y 
Almond 
101.669 
296.79 
2.376 
1. 766 
+ 99.293 
+ 295.024 
O l i v e s 383.544 20.166 + 363.378 
Gawafa 989 .3 2.575 + 986.725 
C i t r u s 1012.13 11.823 +1000.307 
Grapes 296.79 6.578 + 290.212 
Pomegranate 859.93 6.578 + 853.352 
B a r l e y 124.804 + 124.804 
A l f a l f a 3642.995 - +3642.995 
Ve^ch m i x t u r e 779.842 + 779.842 
) 
Sorghum 955.678 
• 
+ 955.678 
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F i g . No. 5-2.2.1 r e p r e s e n t s the volume of a g r i c u l t u r e 
commodities which w i l l be consumed by the s e t t l e r s , e x p o r t t o 
Tauorga r e g i o n and e x p o r t t o T r i p o l i . 
As n o ted e a r l i e r t h e f i g u r e s f o r p o t e n t i a l p r o d u c t i o n and 
consumption are the b e s t e s t i m a t e s which can be d e r i v e d . A l s o , 
on the same b a s i s the Tauorga r e g i o n ' s p o t e n t i a l market demand 
f o r p r o d u c t s i s the best e s t i m a t e which can be made. I t f o l l o w s 
t h a t assuming the planned l e v e l s of p r o j e c t p r o d u c t i o n are a c h i e v e d , 
s i n c e i t i s improbable t h a t m a r k e t i n g mechanisms w i l l o p e r a t e i n 
a s i m p l e f a s h i o n d i r e c t i n g a l l o f f - f a r m s u r p l u s i n the f i r s t p l a c e 
t o the Tauorga market u n t i l t h a t i s s a t u r a t e d , the s u r p l u s e s f o r 
s a l e o u t s i d e the l o c a l r e g i o n s h o u l d be g r e a t e r than those e s t i m a t e d . 
P r i c e Mechanism 
The b a s i c s u p p l y and demand s i t u a t i o n determines t h e 
e s t a b l i s h m e n t of t h e p r i c e of any goods or s e r v i c e s , g i v e n any 
s i g n i f i c a n t m a r k e t i n g or p u r c h a s i n g freedom. The p r i c e s o f 
a g r i c u l t u r e commodities i n Libya have been i n c r e a s i n g p a r t i c u l a r l y 
from 1970 onward as a r e s u l t o f i n c r e a s i n g demand p r e s s u r e emanating 
from i n c r e a s e d f a m i l y consumption and the growth o f p o p u l a t i o n 
and t h e number of Arab and f o r e i g n e x p a t r i a t e s employed i n v a r i o u s 
development p r o j e c t s . The l o c a l o u t p u t of a g r i c u l t u r a l p r o d u c t s d i d 
not develop a t such a pace as t o match the growing demand and 
reduce the s h o r t a g e i n domestic s u p p l y . I n a d d i t i o n , the 
i n t e r n a t i o n a l p r i c e s of a g r i c u l t u r a l commodities were r e f l e c t e d 
i n t he l e v e l of l o c a l p r i c e s o f f o o d commodities. The f l u c t u a t i o n s 
i n t h e r e t a i l p r i c e s of v a r i o u s a g r i c u l t u r a l commodities r e f l e c t 
t h e r e f o r e a range o f balances o f f o r c e s as they a f f e c t d i f f e r e n t 
s p e c i f i c commodities, as i l l u s t r a t e d i n Figure No.5-2.2.2. 
Fig 5 - 2 . 2 . 1 The Volume of Planned 
Agricultural Production by Commodities 
C o n s u m e d by t h e s e t t l e r s 
E x p o r t e d t o T a u o r g a reg ion 
V, E x p o r t e d t o T r i p o l i m a r k e t 
Fig. No. 5 -2 .2 .2 
Fluctuations in the retail prices 
0 - 8 0 -
0 - 6 0 - 1 
CT> 
Q 0 - 4 0 - ^ 
0 2 0 -
O r a n g e 
P o u l t r y , s l a i n 
B r o a d b e a n s , g r e e n 
- 1 1 1 1— 
1975 1976 1977 1978 
Source: Libyan Ministry of Planning,Quarterly retail prices in 
Tripoli City 1975-1980 pp. 2 - 4 
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I n g e n e r a l g r e a t e r supply i n open market c o n d i t i o n w i l l l e a d 
t o a f a l l i n p r i c e , b u t a reduced s u p p ly w i l l l e a d t o i n c r e a s e i n 
p r i c e . The q u a n t i t y o f demand i s t h a t which consumers or users 
a c q u i r e a t a c e r t a i n p r i c e a t a g i v e n moment. Sometimes a change 
i n demand takes p l a c e which means t h a t f o r t h e same supply l e v e l on 
the market the consumers are w i l l i n g t o pay h i g h e r or lower p r i c e s 
than p a i d p r e v i o u s l y when t h e i r income l e v e l r i s e s or reduced 
r e s p e c t i v e l y - p r i c e and income e l a s t i c i t i e s are b o t h i n v o l v e d . 
The i n f l u e n c e o f consumer t a s t e i n L i b y a and p r e f e r e n c e s 
f o r c e r t a i n l o c a l a g r i c u l t u r a l commodities e.g. meat (mutton and 
b e e f ) , eggs, e t c . g e n e r a l l y makes t h e p r i c e f o r such commodities 
h i g h e r as the demand i n c r e a s e s . For example, a l t h o u g h the l o c a l 
m utton i s more expensive t h a n the i m p o r t e d , the Libyan consumers 
p r e f e r l o c a l mutton t o t h a t i m p o r t e d from abroad from c o u n t r i e s 
such as B u l g a r i a ; the l a t t e r i s s a i d t o be too f a t t y or i s unpopular 
because Libyans do n o t b e l i e v e i n t h e way i n w h i c h animals are 
s l a u g h t e r e d i n the c o u n t r y o f o r i g i n . F i g u r e No. 5°2,2.3 shows 
a comparison of p r i c e s o f the l o c a l and i m p o r t e d mutton. 
N e v e r t h e l e s s , i t i s known t h a t t h e average p r i c e s o f c e r t a i n 
o t h e r l o c a l l y produced a g r i c u l t u r a l crops have been at a l e v e l 
(29) 
lower than the average i n t e r n a t i o n a l p r i c e s o f such commodities, 
e s p e c i a l l y when the government s u b s i d i z e s t h e producers and/or 
o b l i g a t e s them t o s e l l a t a f i x e d p r i c e which i s n o t f r e e - m a r k e t 
r e a l i s t i c . 
W i t h a view t o keeping down the l e v e l of the p r i c e s o f 
c e r t a i n b a s i c food commodities - t h e Libyan government t h r o u g h the 
N a t i o n a l Supply C o r p o r a t i o n has been s u b s i d i s i n g i m p o r t e d commodity 
p r i c e s below t h e i m p o r t p r i c e . D u r i n g 1974 a l o n e , s u b s i d i e s f o r 
t h i s purpose amounted t o a p p r o x i m a t e l y L.D. 43.2 m : L.D.5.5 m 
F i g . 5-2.2.3 
Comparison of prices of local 
and imported mutton 
1-6-
1-2-
m 
[ | Mutton, local 
Mutton, imported 
1975 1976 1977 1978 
Source: Libyan Ministry of Planning, Quarterly retail prices in 
Tripoli City, 1975-1978 p.6 
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f o r wheat; L.D. 10.1 m f o r f l o u r and semolina and L.D. 2.6 m f o r 
(30) 
meat, among o t h e r s . 
However, i n the Tauorga p r o j e c t a t p r e s e n t those p r o d u c t s 
o b t a i n e d from the r e c l a i m e d p o r t i o n s o f the p r o j e c t are c o n t r o l l e d 
and s o l d a t p r i c e s f i x e d by the TPCS. I f t h e planned s e t t l e m e n t 
f i n a l l y takes p l a c e , the p r i c e s p a i d t o f a r m e r s w i l l be the 
r e s p o n s i b i l i t y of the a g r i c u l t u r e c o o p e r a t i v e s o c i e t y (pp.111-112). 
This means, i n s h o r t t h a t the p r i c e p a i d t o p roducers i s f i x e d by 
the government. As the p r i c e s of a g r i c u l t u r e commodities i n L i b y a 
are i n c r e a s i n g y e a r l y , the p r i c e s which w i l l be r e a l i s e d are 
a t 1977 r a t e p r i c e . Table Nos, 5-2.2.9 and 5-2.2,10 show th e 
y e a r l y p r i c e i n c r e a s i n g w h i l e a t the same time t h e government i s 
encouraging h i g h e r p r o d u c t i o n s p e c i a l l y t h e main crops e.g. wheat, 
b a r l e y , oats e t c . and w i l l i n g t o buy them. 
Table No. 5-2.2.11 shows s l i g h t l y i n c r e a s e d p r i c e o f 1977 
f o r o n i o n as compared w i t h the two p r e v i o u s y e a r s . The same Table 
shows t h a t the p r i c e s o f 1977 f o r tomatoes and p o t a t o e s are more 
or l e s s the same as they were compared w i t h the 1976 prices„ Thus 
a c c u r a t e e s t i m a t i o n r e s u l t s are h o p e f u l l y expected t o be secured 
by u s i n g the 1977 p r i c e s . I f any p r i c e f o r the year 1977 i s not 
a v a i l a b l e f o r commodities such as wheat, b a r l e y and a l f a l f a , then 
the 1976 p r i c e s w i l l be used. 
Value o f o f f - f a r m s u r p l u s 
Two sources of p r i c e * i n f o r m a t i o n are a v a i l a b l e f o r t h i s 
s t u d y , as we s h a l l see, w h o l e s a l e and r e t a i l p r i c e s . However, i n 
* Currency which w i l l be used i n t h i s t h e s i s i s t h e L ibyan Dinar 
and i t s f r a c t i o n the Dirham. Before 1970 t h e c u r r e n c y which 
was used i s the J i n a i h and i t s f r a c t i o n t h e m i l l i m . However, 
b o t h c u r r e n c i e s are the same v a l u e . 
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Table No. 5-2.2.9 Government s u p p o r t p r i c e o f Wheat 
L.D/Qu.1975-76 by Grade 
Grade 1973-1974 1974-1975 1975-1976 
I 7.950 8.000 9.000 
I I 7.125 7.200 8 .000 
I I I 6. 375 6.400 7.000 
IV 4 . 500 4 . 500 5.000 
Source: Libyan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n 
Reform Achievement o f the R e v o l u t i o n , Sept. 
1969-Sept.l976 ( T r i p o l i , 1976), p.48. 
Table No. 5-2.2.10 Government s u p p o r t p r i c e o f B a r l e y 
L.D/Qu.1975-6 by Grade 
Grade • 1973-1974 1974-1975 1975-1976 
I 6.450 6. 500 7.00 
I I 5. 850 6.000 6. 500 
I I I 5.250 5.400 5.800 
Source: Libyan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n 
Reform Achievement o f the R e v o l u t i o n , Sept. 
1969-Sept. 1 9 7 6 ( T r i p o l i , 1976), p.48. 
t a b l e No.5-2.2.11 Wholesale P r i c e s o f o n i o n , tomatoes, p o t a t o e s o f 1975-1977 i n T r i p o l i C i t y 
Onion 
Jan. Feb. Mar. Apr. May June J u l . Aug. Sep. Oct. Nov. Dec. Total Average 
. :!7 5 - - 0.110 - 0.040 0.050 0.040 0.050 0.040 0.043 0.050 0.095 0.518 0.057 
1976 0.113 0.100 0.150 - - 0.100 0.120 0.120 0.120 0.090 0.180 0.160 1.253 0.145 
1977 0.517 0.700 - 0.050 0.050 0.070 0.040 0.038 0.050 0.035 0.035 0.060 1.637 0.149 
Tomatoes 
1975 0.150 - - 0.050 0.035 0.047 0.100 0.040 - 0.250 0.150 0.100 0.922 0.102 
1976 0.200 0.230 0.260 0.500 0.500 0.183 0.070 0.050 0.050 0.020 0.020 0.235 2.318 0.193 
1977 0.250 0.250 0.250 0.070 0.070 0.070 0.045 0.050 0.40 0.320 0.320 0.150 2.245 0.187 
Potatoes 
1975 0.140 0.130 0.120 0.120 0.045 0.048 0.100 0.100 0.160 0.164 0.095 1.162 0.105 
1976 0.080 0.110 0.113 0.166 0.096 0.073 0.120 0.110 0.110 0.150 0.150 0.137 1.435 0.119 
1977 0.127 0.113 0.147 0.110 0.110 0.087 0.100 0.170 0.150 0.100 0.100 0.081 1.387 0.116 
Source:- Libyan M i n i s t r y o f P l a n n i n g , Q u a r t e r l y Wholesale P r i c e s i n T r i p o l i 
C i t y , 1975-19TT 
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the p r e s e n t c o n t e x t the key p r i c e s which we need are those 
o b t a i n a b l e by the farmer - farm gate p r i c e s - o r , i n some cases, 
by the p r o j e c t i n a g g r e g a t e , and a l s o t h e p r i c e c o s t o f e s s e n t i a l 
i n p u t s . I n g e n e r a l , what we may c a l l w h o l e s a l e p r i c e s i n the 
p r o j e c t were planned t o be l a r g e l y under the c o n t r o l of an 
a g r i c u l t u r a l c o o p e r a t i v e s o c i e t y . Thus the s o c i e t y would s e l l 
p r o j e c t produce, sometimes t o o t h e r governmental p r o j e c t a g e n c i e s , 
commodities such as a l f a l f a , g r a i n s , s t r a w , e t c and o t h e r times 
some p r o d u c t s , e.g. v e g e t a b l e s and f r u i t on t h e open market. 
The s o c i e t y would o b t a i n p r o d u c t s from i n d i v i d u a l f armers t h r o u g h 
c e n t r a l p u r c h a s i n g power and the farmer would o b t a i n f a rm-gate 
p r i c e s , which are t h e s o c i e t y ' s " w h o l e s a l e " p r i c e s minus the 
s o c i e t y ' s commission o f up t o 3%, r e t a i n e d as an i n v o l u n t a r y s a v i n g 
c r e d i t f o r p r o d u c e r s and t r a n s p o r t c o s t charged by the a g r i c u l t u r e 
s o c i e t y . I n F i g u r e 5-2.2.4 i s i l l u s t r a t e d t he p o s s i b l e f l o w s and 
s a l e s o u t l e t s f o r farm produce. 
Let us assume t h e r e f o r e , f i r s t , t h a t the farmers s a l e s income 
can be c a l c u l a t e d (as a t l e a s t an o r d e r o f magnitude) as:-
Volume o f s a l e a b l e s u r p l u s X Wholesale p r i c e - 33 
Commission - t r a n s p o r t ( i n case A and C ) . 
or as : -
Volume o f S a l e a b l e s u r p l u s X ( R e t a i l p r i c e - R e t a i l p r o f i t ) 
- 1% commission - t r a n s p o r t ( i n case B). 
I f we a p p l y e i t h e r o f these f o r m u l a e t o the v a r i o u s f l o w s 
i l l u s t r a t e d i n F i g u r e 5-2.2.4 and u s i n g e s t i m a t e s o f e i t h e r w h o l e s a l e 
or r e t a i l p r i c e s , see Table 5-2.3.12 we can e s t i m a t e the farm gate 
p r i c e and t h e r e f o r e farm gross incomes from s a l e s . Whenever 
p o s s i b l e , i n a r r i v i n g a t e s t i m a t e s o f farm gate s a l e s income, the 
w h o l e s a l e p r i c e charged by t h e a g r i c u l t u r e s o c i e t y w i l l be used i n 
o r d e r to d i r i n i s h a t l e a s t the margin o f e r r o r . 
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Table No.5-2.2.12 Wholesale p r i c e s o f s e v e r a l a g r i c u l t u r a l 
commodities 
Crop 
P r i c e 
kg/L.D. Crop 
P r i c e 
kg/L.D. 
Kidney Beans 0.195 ( 1 ) Almond 
Phaseolus 0.195 ( 2 ; ) C i t r u s * 0 . 0 9 1 C 1 2 ) 
Watermelon 0 . 1 1 1 ^ Grapes * 0. 292 ^ 1 3 ^ 
Potatoes 0 . 1 1 6 ^ A l f a l f a 
Onions 0.149 ^ Bar l e y + 
I , I I , I I I classes 
are 0.07,0.065 
and 0.058 r e s -
p e c t i v e l y (15) 
Tomatoes 0 . 1 8 7 C 6 ) Sorghum 0 . 0 8 ( 1 6 ) 
Peas 
Peanut 
0. 256 ^ 
0.244 ( 8 ) 
Oats j 
Beans,Vetch j 
0.096 ( 1 7 ) 
W h e a t * I , I I , I I I & IV 
classes are 
0.09,0.08,0.07 
& 0.05 respec-
t i v e l y (9) 
O l i v e s 0 . 1 3 5 ( 1 8 ) 
Broad beans o . i s i ^ 1 0 ) Guava 
Pomegranate 
0.200*-19-1 
o . i i o ^ 2 0 ^ 
+ P r o d u c t i o n Grade I I I - f o r use i n e s t i m a t i o n 
* No f r u i t t r e e s now p l a n t e d - e s t i m a t e d w h o l e s a l e p r i c e s a t 
1977 r a t e used; the c i t r u s p r i c e i s based on 85.7721 o f t h e 
orange p r i c e , 8.9341 o f the lemon p r i c e and 5.342% o f 
t a n g e r i n e p r i c e . 
Sources: 
(1) L i b y a n M i n i s t r y o f P l a n n i n g , Q u a r t e r l y w h o l e s a l e p r i c e s i n 
T r i p o l i C i t y , 1977, Census and S t a t i s t i c s Department, 
( T r i p o l i ) . 
- 179-
(2) L o c . c i t . 
(3) I b i d , P-
(4) Loc. c i t 
(5) Loc. c i t 
(6) Loc. c i t 
(7) Loc . c i t 
(8) I b i d , P-
(9) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
o p . c i t . , ( T r i p o l i , 1976b), p.48. 
(10) L i b y a n M i n i s t r y o f P l a n n i n g and S c i e n t i f i c Research, 
C o l l e c t i o n o f Census, T r i p o l i , 1977), p.3. 
(11) Loc. c i t . 
(12) I b i d , p.6. 
(13) I b i d , p.7. 
(14) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
o p . c i t . ( T r i p o l i , 1975b), p.6. 
(15) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
o p . c i t . ( T r i p o l i , 1976b), p.48. 
(16) Yaqub, Y. Tammina, 5 December, 1977, v e r b a l communication. 
(17) I b i d 
(18) Shaheen, A., T a u o r g a j u l y , 1979, L e t t e r s communication. 
(19) I b i d 
(20) I b i d 
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P r o d u c t i o n c o s t 
A f t e r o b t a i n i n g the farm gate p r i c e s , i t i s necessary t o 
know the farm gate c o s t of i n p u t s t o enable us t o e s t i m a t e t h e 
net t o t a l v a l u e o f o f f - f a r m s u r p l u s . I n the f o l l o w i n g pages 
the farm gate c o s t s per ha, e x c l u d i n g l a b o u r which w i l l be shown 
s e p a r a t e l y , i s examined. Water charges are assumed t o be n i l . 
As f a r as f r u i t p r o d u c t i o n i s concerned, n e i t h e r the c o s t 
of p l a n t s nor the c o s t o f p l a n t i n g w i l l be c o n s i d e r e d under 
c u r r e n t c o s t per h e c t a r e , b u t w i l l be t r e a t e d as f i x e d i n p u t c o s t s . 
The planned p r o d u c t i o n i n the p r o j e c t area i n v o l v e s b o t h 
s i n g l e crop l a n d use e.g. p e r e n n i a l f r u i t t r e e s , and m u l t i p l e crop 
sequences e.g. w i n t e r tomatoes f o l l o w e d by summer melons. I n o r d e r 
not t o o v e r - c o m p l i c a t e the a n a l y s i s of the planned but n o t y e t 
implemented p r o d u c t i o n scheme designed by GAUDRL (Table No. 5-2.2.1) 
c e r t a i n s i m p l i f y i n g assumptions w i l l be made. F i r s t , t h e y i e l d 
of f r u i t from e s t a b l i s h e d groves and o r c h a r d s i s t a k e n , s i n c e t h i s 
w i l l g i v e the t o p l i m i t o f income o b t a i n a b l e from f r u i t t r e e s . 
The i n p u t c o s t s t o the area under t r e e c r o p s , i n c l u d e average 
annual c u r r e n t i n p u t s o f f e r t i l i s e r s , i n s e c t i c i d e s f o r mature 
t r e e s e t c . Secondly, the e f f e c t o f m u l t i - c r o p p i n g sequences 
i n t h e area c u l t i v a t e d has a l r e a d y been accounted f o r i n 
Table No. 5-2.2.2 and t h e r e f o r e i n p u t c o s t s per ha. are s i m i l a r l y 
a l r e a d y c o n s i d e r e d , i . e . the area f o r which the c o s t o f p l o u g h i n g , 
f e r t i l i s e r s e t c . has been computed i s l a r g e r than t h e d e l i m i t e d 
p r o j e c t area under n o n - p e r e n n i a l c r o p s . 
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Machines I n p u t c o s t s , e x c l u d i n g l a b o u r 
Table No. 5-2.2.13 Machinery c o s t s f o r v e g e t a b l e s 
Per h e c t a r e 
A g r i c u l t u r a l process p r i c e L.D. 
per ha„ 
Ploughing 1. 750 
F e r t i l i z e r s p r e a d i n g 1. 250 
Harrowing 1. 250 
Making f u r r o w s 1. 250 
T o t a l 5. 50 
Source:- Speetzen H., Land Settlement Projects, (1974), p.376. 
Table No. 5°2.2.14 A g r i c u l t u r a l process c o s t f o r v e g e t a b l e s 
Item Amount/ha. L.D./unit L.D./ha. 
Seeds 
F e r t i l i z e r s (NPK) 
I n s e c t i c i d e s 
T o t a l 
1.25-1.5 kg^ 1 ^ 
600 kg 
7.000 L . D / k g ( 2 ^ 
2.8/100 kg 
9.6 L.D. ^ ^ 
9.625 
16. 8 
9.6 
36.025 
Crop "Tomatoes'* 
Seeds 
F e r t i l i z e r s ( N P K ) 
I n s e c t i c i d e 
T o t a l 
f 4 1 
0.750=1.Okg 1 ' 
600 kg 
9.000/1 k g C 5 ^ 
2.8/100 kg 
73 < 6 5 
7.875 
16.8 
73 
97.675 
Crop "Water melon" 
Seeds 
F e r t i l i z e r s ( N P K ) 
I n s e c t i c i d e 
2.5 k g ( 7 5 
500 kg 
5.00 LD/kg (8 ) 
( 9 ^  
2.8/100 kg 1 ' 
8* 
12. 5 
14 
8 
34.5 
* I t i s an average e s t i m a t e d f i g u r e , based on the o t h e r 
v e g e t a b l e s . 
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Table No. 5-2.2.14 (Cont.) 
Crop "peas" 
Item Amount/ha. L.D./unit L.D. /ha. 
Seeds 80 kg/ha. (10 ) 0.45/kg 36 
F e r t i l i z e r s ( N P K ) 600 kg 1.2/100 kg 7.2 
I n s e c t i c i d e - 8* 8 
B i o l o g i c a l 
t r e a t m e n t 1.5 7.5/1 kg 11. 
62. 
25 
45 
Crop "Kidney beans" ** 
Seeds 80 kg 0 . 7 5 ^ 60 
F e r t i l i z e r s ( N P K ) 600 kg 1.2/100 kg 7. 2 
I n s e c t i c i d e s as 8* 8 
B i o l o g i c a l 
t r e a t m e n t 1.5 7.5/ kg 11. 
86. 
25 
45 
Crop "Phaseolus" ** 
Seeds 80 kg 0 . 7 5 ^ 60 
F e r t i l i z e r s 600 kg 1.2/100 kg 7„ 2 
I n s e c t i c i d e s 8* 8 
B i o l o g i c a l 
-reatment 1.5 7.5/1 kg 11. 
86. 
25 
45 
Crop " p o t a t o e s " 
Tubers 20-25 QU/ha'"14) 0. 1 5 L D / k g ( l 5 } 337. 5 
F e r t i l i z e r s ( N P K ) 1100 kg (16) 2.8/100 kg 30. 8 
I n s e c t i c i d e 3 0 ( 1 7 ) 30 
398. 3 
* I t i s an average e s t i m a t e d f i g u r e , i t i s changeable depending 
upon type of i n f e c t i o n . 
**Most re s o u r c e s g i v e i n f o r m a t i o n as beans, but not s p e c i f i e d as 
species . 
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Sources:-
(1) Yaqub, Y., Tammina, 5 December, 1977, v e r b a l communication 
(2) I b i d 
(3) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Achievement o f the R e v o l u t i o n d u r i n g F i ve Years, 
( T r i p o l i , 1974), p . l 0 2 . 
(4) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Tomatoes C u l t i v a t i o n ( T r i p o l i , 1976), p.11 
(5) Yaqub, Y., Tammina, 5 December, 1977, v e r b a l communication 
(6) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Achievement o f "he R e v o l u t i o n d u r i n g F i v e Years, 
( T r i p o l i , 1974^, p.102. 
(7) Speetzen, H., o p . c i t . , p.381. 
(8) Yaqub, Y., Tammina, 6 December, 1977, v e r b a l communication 
(9) Speetzen, H., o p . c i t . , p.381. 
(10) Yaqub, Y., Tammina, 6 December, 1977, v e r b a l communication 
(11) I b i d 
(12) I b i d 
(13) I b i d 
(14) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Pota t o e C u l t i v a t i o n ( T r i p o l i , 1976), p.9. 
(15) Yaqub, Y., Tammina, 6 December, 1977, v e r b a l communication 
(16) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Pota t o e C u l t i v a t i o n , ( T r i p o l i , 1976), pp.8-9. 
(17) L i b y a n M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Achievement o f t h e R e v o l u t i o n d u r i n g F i v e Years, 
( T r i p o l i , 1974) , p.102. 
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Table No.5 - 2.15 Machinery c o s t s f o r g r a i n s 
Per Hectare 
Work P r i c e per ha. 
Plou g h i n g 1.750 L.D. 
F e r t i l i z e r s p r e a d i n g 1.250 
Harrowing 1 ,250 
Sowing 1.250 
H a r v e s t i n g 5 .000 
T o t a l 10. 50 
Source:- Speetzen, H., Land S e t t l e m e n t P r o j e c t s , 
(1974) p.357. 
Table No. 5-2.2.16 A g r i c u l t u r a l process c o s t f o r g r a i n s 
Crop " B a r l e y " 
Item Amount/ha L.D./unit L.D./ha 
Seeds 100 k g ^ 0 . 0 4 6 C 2 ) 4.6 
F e r t i l i z e r s 500 2.8/100 kg 14 
(NPK) 
Chemicals - 10 10 
T o t a l 28.6 
Crop "Wheat" 
Seeds 100 kg ^ 0 . 0 5 3 ^ 5 . 3 
F e r t i l i z e r s 500 2.8/100 kg 14 
(NPK) 
Weed c o n t r o l 10 10 
T o t a l 29 . 3 
Crop "Groundnut" 
Seeds 80 kg 0. 2501'5'1 20 
F e r t i l i z e r s ( K P ) 525 ^ 1.2/100 kg 6. 30 
I n s e c t i c i d e - 28 28 
B i o l o g i c a l 1.5 7. 50 11 .25 
65.55 
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Table No. 5-2.2.16 (Cont.) 
Crop "Broad beans" 
It e m Amount/ha L.D./unit L.D./ha 
Seeds 90 k g ( 7 ) 0 . 3 8 / k g ( 8 ) 34 . 2 
F e r t i l i z e r s ( P K ) 600 1.2/100 kg 7 . 2 
I n s e c t i c i d e - 8 8 
B i o l o g i c a l 
t r e a t m e n t 
1.5 7.5/1 kg 11.25 
T o t a l 60.65 
Sources:-
(1) Libyan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
B a r l e y C u l t i v a t i o n , ( T r i p o l i , 1976), p.4. 
(2) Yaqub, Y., Tammina, 6 December, 1977, v e r b a l communication. 
(3) Libyan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
Wheat C u l t i v a t i o n ( T r i p o l i , 1976), p.6. 
(4) Yaqub, Y., Tammina, 6 December, 1977, v e r b a l communication. 
(5) I b i d 
(6) Libyan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
A l Falah ( T r i p o l i , 1976), p.26. 
(7) Yaqub, Y., Tammina, 6 December, 1977, v e r b a l communication. 
(8) I b i d 
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Table No. 5-2.2.17 Machinery c o s t f o r f o d d e r 
Per Hectare 
Work P r i c e per ha.L.D. 
P l o u g h i n g * 
F e r t i l i z e r s p r e a d i n g * 
Sowing 
Harrowing 
H a r v e s t i n g + 
1.750 (average p r i c e ) 
1. 250 
1.250 
1. 250 
3.000 
T o t a l 8.5 
Source:- Speetzen, H., Land S e t t l e m e n t p r o j e c t s 
( 1 9 7 4 ) , p.375. 
Table No.5-2.2.18 A g r i c u l t u r a l process c o s t f o r f o d d e r 
Crop " A l f a l f a 
I tern Amount/ha L.D./unit L.D. /ha 
Seeds * 42 k g U J 3.60 k g ( 2 ; ) 151. 2 
F e r t i l i z e r s (PK) 500 kg 1 .2/100 kg 6 
I n s e c t i c i d e 
2 k g 1 
20 20 
B i o l o g i c a l 
t r e a t m e n t * 
7 . 5 0 / k g ^ 15 
Mowing++ 9 times 1 .50/once/ha 13. 5 
T o t a l 94. 9 
Crop "Oats & Vetch beans" 
Seeds** 80< 5> 0 
0 
.046/kg oats 
and 
.589/kg v e t c h 21. 056 
F e r t i l i z e r ( N P K 500 2 .8/100 kg 14 
Chemicals - 8 8 
T o t a l 43. 056 
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Table No. 5-2.2.18 (Cont.) 
Crop "Sorghum" 
Item Amount/ha L.D./unit L.D./ha 
Seeds 6 5 ^ 0 . 1 2 5 C 7 ) 8.125 
F e r t i l i z e r s 500 2.8/100 kg 14.00 
Chemicals - 3.15 3.15 
T o t a l 25.275 
* Every t h i r d year f o r a l f a l f a 
+ Except a l f a l f a 
++ Average o f 9 times a year 
** 80 kg/ha. c o n s i s t o f 48 kg o a t s , 0.046 L.D./kg and 
32 kg v e t c h , 0.589 L.D./kg. 
Sources:-
(1) Shaheen, A., Tauorga, J u l y 1979, l e t t e r s communication. 
(2) Yaqub, Y., Tammina, 6 December,1977, v e r b a l communication 
(3) Shaheen, A., Tauorga, J u l y , 1979, l e t t e r s communication 
(4) I b i d 
(5) L i byan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform 
Oats and Vetch C u l t i v a t i o n ( T r i p o l i , 1976) 
(6) China R e p u b l i c , Report o f F i e l d Experiments conducted 
i n T u o r g a ( T r i p o l i , 1967), p.10. 
(7) Yaqub, Y., Tammina, 6 December, 1977, v e r b a l communication 
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Table No. 5-2.2.19 Cost per h e c t a r e o f f r u i t t r e e s - F i x e d 
c a p i t a l 
Work L.D./unit L.D./ha. Remarks 
E a r t h c a n a l 
making _ 3.00 
D r i l l i n g 
holes 
0.150/hole( 1 ^ 60,41.55, 
93.75, 60, 
12 4.95 and 
93.75 
c o s t per ha. 
o b t a i n e d by: 
0.150 x 
(number o f 
t r e e s per ha.) 
T r a n s p o r t i n g , 
p l a n t i n g 
1.360/tree^ 2 ^ 544, 376.72, 
850, 544, 1132-
88 and 8 50 
Trees or 
c u t t i n g 
0 . 2 5 0 / t r e e ( 3 ^  100,69.25, 
156.25,100, 
208.2 5 and 
156.25 
No. o f t r e e s * 
per ha. a r e : 
400, 277, 625, 
400, 833 and 625 
f o r a l m o n d , o l i v e , 
guava, c i t r u s , 
grapes and 
pomegranate 
* No. of t r e e s per ha. i s d e t e r m i n e d by the d i s t a n c e s between 
t r e e s and row, which are 5 x 5 m., 6 x 6 m., 4 x 4 m., 
5 x 5 m, 3 x 4 m., 4 x 4 m f o r almond, o l i v e , guava, c i t r u s , 
grapes and pomegranate, r e s p e c t i v e l y . 
Sources:-
(1) Yousf, M., Tauorga, 10 November, 1977, v e r b a l communication. 
(2) I b i d 
(3) L i b yan M i n i s t r y o f A g r i c u l t u r e and Agrarian Reform, 
Achievement o f t h e R e v o l u t i o n d u r i n g F i v e Years 
( T r i p o l i , 1974), p.15. 
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Table 5-2.2.20 C u r r e n t e x p e n d i t u r e per ha. on f r u i t t r e e s 
Almond 
Item Amount/ha 
kg 
L.D./unit L.D./ha. 
Manure 
F e r t i l i z e r s 
I n s ect i c i de * 
T o t a l 
4000 
600 ( 1 ) 
30/tonne 
2.8/100 kg C 2 ) 
20 
120 
16.8 
20 
156. 8 
O l i v e 
Manure 
F e r t i l i z e r s 
I n s e c t i c i d e * 
T o t a l 
2700 
761 ^ 
30/tonne 
2.8/100 kg 
15 
81 
21.308 
15 
117.308 
Guava 
Manure 
F e r t i l i z e r s 
I n s e c t i c i d e * 
T o t a l 
3475 
652.75 ^ 
30/tonne 
2.8/100 kg 
20 
104.2 5 
18.277 
20 
142.527 
C i t r u s 
Manure 
F e r t i l i z e r s 
I n s e c t i c i d e 
T o t a l 
5000 
1000 C 6 ) 
30/tonne 1 ^ 
2.8/100 kg 
30 
150 
28 
30 
208 
Grapes 
Manure 
F e r t i l i z e r s 
I n s e c t i c i d e 
T o t a l 
49 50 
708 ^ 
30/tonne *- 7 ^ 
2.8/100 kg 
25 
148. 5 
19.824 
25 
193,324 
Pomegranate 
Manure 
F e r t i l i z e r s 
Ins ect i c i d e 
T o t a l 
3475 
652.75 ^ 9 ) 
30/tonne 
2.8/100 kg 
20 
104.2 5 
18. 2 
20 
142.45 
k E s t i m a t c c1 a v e rage. 
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Sources:-
(1) Libyan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
A l F a l a h , ( T r i p o l i , 1977), p.43. 
(2) Speetzen, H. o p . c i t , p.381. 
(3) Libyan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform. 
A l F a l a h , ( T r i p o l i , 1974), pp.25-26. 
(4) Yousf, M. Tauorga, 10 November, 1977, v e r b a l communication. 
(5) L i byan M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform, 
A l Falah ( T r i p o l i , 1977), p.43. 
(6) I b i d 
(7) I b i d , pp.18-19. 
(8) I b i d , p.18 
(9) Yousf, M. Tauorga, 10 November, 1977, v e r b a l communication 
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Table 5-2.2.21 T o t a l d e d u c t i o n o f machinery and a g r i c u l t u r a l 
process c o s t s o f t h e P r o j e c t ' s p l a n 
A g r i c u l t u r e 
Commodity 
A g r i c u l t u r a l P r o d u c t i o n c o s t s L.D. 
per ha. Per area 
Kidney beans 91.95 10498.759 
Phaseolus 91.95 10498.759 
Watermelon 40.0 4 567 . 16 
Potatoes 403. 8 46105.48 
Onion, d r y 41.525 4741. 283 
Tomatoes, f r e s h 103.175 11780.418 
Peas, green 67.95 7758.463 
Ground nut 76.05 34733.252 
Wheat 39.8 6059.072 
Broad beans 71.15 10831.734 
Almond 156. 8 23870.918 
O l i v e 117.308 17858.735 
Guava 142.52 7 21698.178 
C i t r u s 208.00 31665.504 
Grapes 193.324 29431.259 
Pomegranate 142.42 21681.736 
B a r l e y 29.1 4 4 30.126 
A l f a l f a 98.416 22474.081 
Oats/Vetch 51.556 5886.612 
Sorghum 41.275 4712.738 
331284.27 
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T r a n s p o r t c o s t s : -
T r a n s p o r t c o s t i s L.D„ 13.50/tonne from M i s u r a t a - T r i p o l i , 
211 kms, i . e . L.D. 0.064 per tonne/km. J Consequently we 
e s t i m a t e t r a n s p o r t c o s t per tonne from t he Tauorga p r o j e c t t o 
Tauorga r e g i o n a l market, 11 kms, i s L.D. 0.704 and from t h e 
Tauorga p r o j e c t t o T r i p o l i , 246 kms, i s L.D. 16.896. The o v e r a l l 
t r a n s p o r t c o s t o f the p r o j e c t e d volume o f commodity s u r p l u s e s 
i d e n t i f i e d i n Table 5„2.2.8 w i l l be:-
To Tauorga r e g i o n market 459.84 L.D. 
T r i p o l i 212,513.92 L.D. 
T o t a l 212,973. 76 
T r a n s p o r t c o s t s can o n l y be e s t i m a t e d by b a s i n g t he 
p r o b a b l e r a t e s on a c t u a l r a t e - c h a r g e s made i n o t h e r r o u t e s w i t h i n 
the r e g i o n . Normally road t r a n s p o r t r a t e s are a r r i v e d a t , i n 
t h i s area on a tonnage b a s i s , i r r e s p e c t i v e o f type o f f r e i g h t . Too 
l i t t l e produce moves a t the p r e s e n t time o u t o f Tauorga t o enable 
us t o do a n y t h i n g more than e s t i m a t e by analogy. 
Table 5^2.2.23 T o t a l i n p u t - o u t p u t f o r the p r o j e c t except 
Labourer c o s t s 
I tern L.D. Remark 
T o t a l gross income 1945056.1 see Table No 05-2.2.22 
A g r i c u l t u r a l Prod-
u c t i o n c o s t s 331284.27 " 5-2.2.21 
T r a n s p o r t c o s t s 212973.76 
Reductio n by the 
A g r i c u l t u r e S o c i e t y 
Commission Z% 
11878.442 A g r i c u l t u r e S o c i e t y 
commission r e t a i n e d 
as i n v e s t m e n t s a v i n g 
c r e d i t f o r producer 
T o t a l c o s t s and 
r e d u c t i o n 
Net t o t a l income 
556136.47 
1388919. 7 
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U t i l i s i n g Table No.5-2.2.23, the average net income per 
s e t t l e r h o l d i n g , e x c l u d i n g l a b o u r e r s c o s t , would be of the 
or d e r of -
Net t o t a l income ( e x . l a b o u r e r s ) 
Number o f h o l d i n g s 
1388919.7 = L.D. 4629.732 
300 
Labour demand 
a. For i r r i g a t i o n - the q u a n t i t y o f i r r i g a t i o n and l e a c h i n g 
water demand by crops i s shown i n Table No. 5-2.2.24 below:-
: Crop Water demand p.a. cu.m/ha. 
F r u i t t r e e s 22,990 
Grains 23,476 
Vegetables 29,184 
Fodder 27,869 
Depending on the l e n g t h o f the d i f f e r e n t l a t e r a l c anals 
the average f l o w w i l l be 90 L/sec t o supply an average of 7.6 ha. 
c u l t i v a t e d area per s e t t l e m e n t , i . e . 11,842 L/sec/ha. i . e . 
42.631 cu.m/hour. Thus the average man-hours r e q u i r e d on farm 
f o r i r r i g a t i o n per ha. and f o r the p r o j e c t area are as i n 
Table No. 5-2.2.25 below:-
Crop Man-hours % of the p r o -
j e c t area 
Man-hours i n 
p r o j e c t area 
F r u i t t r e e s 539.278 40 492,593.78 
Grains 550.687 20 251,507.56 
Vegetables 684.572 20 312,654.99 
Fodder 653.726 20 298,567.12 
T o t a l 1,355,323.5 
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5. For f i e l d w o r k s : = 
In o rder t o f a c i l i t a t e c a l c u l a t i o n , t h e la b o u r i n p u t s f o r 
f i e l d work w i l l be based on the same c r o p p i n g p r o p o r t i o n o f lan d 
use which would th e n g i v e an average f o r each h o l d i n g , 4 ha. o f 
f r u i t t r e e s , 2 ha, o f g r a i n s and/or legumes & gro u n d n u t s , 2 ha. 
of v e g e t a b l e s and 2 ha. o f f o d d e r . Table No. 5„.2.2„26 shows the 
type o f work and the r e q u i r e d man-hours:-
Table No. 5-2.2.26 
Crop Area Work Man-hours 
ha. 
Frequ= 
ency 
Man-
hours 
area 
Remarks 
F r u i t s 
4 ha„ 
4 Handhoeing 
Top d r e s s i n g 
Pruning & g r a f t i n g 
h a r v e s t i n g 
60 
5 
50 
350 
240 
20 
200 
1400 
1860 
Grains 
e t c o 
2 ha, 
2 Handhoeing 
H a r v e s t i n g 
F i e l d c o l l e c t i o n 
Hay making 
82.50 
250.0 
2.0 
2 B5 
165 
500 
4 
5 
Summer 
crop 
674 
Grains 2 Accompanying 
the combine 
F i e l d c o l l e c t i o n 
Straw 
5.5 
2 
2 
11 
4 
4 
W i n t e r 
crop 
19 
Veget-
ables 
2 ha„ 
P r e p a r i n g seed 
bed 
P l a n t i n g 
S i n g l i n g , t h i n n i n g 
& handhoeing 
Handhoeing 
H a r v e s t i n g 
23 
75 
87.50 
82.50 
613„00 
2 
2 
2 
2 
2 
92 
300 
350 
330 
2452 
Summer 
and 
W i n t e r 
3524 
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Table No. 5-2 c2 c26 ( C o n t 0 ) 
Crop Area Work Man» 
hours 
ha. 
Frequ= 
ency 
Man-
hours 
area 
Remarks 
Fodder 
2 ha 
1 Making hay 
Heaping bales 
5 
8 
9 
9 
45 
72 
117 
A l f a l f a 
( W i n t e r 
and 
Summer 
1 Making hay 
Heaping b a l e s 
2.5 
4 
2 
2 
5 
8 
13 
Oats & 
Vetch 
W i n t e r 
: l 
1 Making hay 
Heaping b a l e s 
3 
5 
2 
2 
6 
10 
16 
Sorghum 
Summer 
Consequently the e s t i m a t e d man-hours r e q u i r e d f o r f i e l d 
work are as shown i n Table No. 5-2.2.27 
Table No. 5-2.2.27 
Crop % o f the p r o j e c t 
area 
man-hours 
area 
F r u i t t r e e s 401 424745.88 
Grains 201 
20% summer 153913.29 
201 W i n t e r 4338,802 
Vegetables 201 804733,59 
101 w i n t e r 
& summer 
40419.366 
Fodder 201 10% summer 1826 0864 
10% w i n t e r 1484.327 
T o t a l 1431462.1 
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Consequently, t h e o v e r a l l man-hours i n p u t r e q u i r e d f o r the 
p r o j e c t area, e x c l u d i n g t h e c e n t r a l i s e d p r o j e c t r e q u i r e m e n t 
e.g. f o r pumps, maintenance e t c . , a r e : -
Man-hours - I r r i g a t i o n 1,353,323.5 
f i e l d work 1,431,462.1 
T o t a l 2,786,785.6 
The h y p o t h e t i c a l d a i l y working time f o r a s e t t l e r or 
l a b o u r e r i s 8 hours and i t i s assumed t h a t they w i l l work 
26 days per month; t h i s r e s u l t s i n 208 hours per month 
i . e . a l a b o u r e r i n p u t o f 2496 hours per year f o r each f u l l 
t i me worker. I t i s an over-generous assumption t h a t o n l y F r i d a y s 
are n o t w o r k i n g days. I n f a c t we should a l s o c o n s i d e r h o l y 
days, low work i n g e f f i c i e n c y d u r i n g Ramadan, and i f the p o l i c y 
aims a t a h i g h e r q u a l i t y o f l i f e are taken i n t o account then 
t h e r e w i l l a l s o be v a c a t i o n s . The a c t u a l w o r k i n g year might 
then be as shown on page 225. 
The number of the s e t t l e r ' s f a m i l i e s b eing 300 and 
i t i s most l i k e l y t h a t o n l y one f u l l t i m e worker per f a m i l y 
w i l l be a v a i l a b l e as opposed t o two * as i t was assumed 
h y p o t h e t i c a l l y (see pp.297 and 285 ) . Thus 300 x 2496 hr.p.a. 
= 748800 a v a i l a b l e man-hours. 
The aggregate d i f f e r e n c e between man-hours p.a. 
r e q u i r e m e n t and man-hours a v a i l a b l e , on t h e assumption t h a t 
each s e t t l e r f a m i l y h o l d i n g w i l l have one f u l l t i m e worker then 
appcars a s 'o' :ows: 
2786785.6 - r e q u i r e d man hours 
748800.0 - a v a i l a b l e man hours 
2037985.6 - l a b o u r d e f i c i t i n man hours 
p e r s o n a l o b s e r v a t i o n of p r e s e n t p r a c t i c e s 
- 1 9 8 -
The annual p r o j e c t man-hours d e f i c i t o f 2,037,986 (rounded o f f ) 
would r e q u i r e i n aggregate 817 a d d i t i o n a l l a b o u r e r s , on t h e 
assumption t h a t each would work t h e same man-hour year as t h e 
f u l l time s e t t l e r - f a r m e r . For each o f the 300 fa r m s , we are 
then faced w i t h a demand f o r about 3 a d d i t i o n a l l a b o u r u n i t s • 
e i t h e r t o be h i r e d or o b t a i n e d from t h e s e t t l e r s family., We 
t h e r e f o r e s h o u l d assume t h a t i f we c o n s i d e r a l l the a d d i t i o n a l 
l a b o u r r e q u i r e m e n t has t o be met by f u l l t i m e h i r e d l a b o u r , t h e n 
r e a l i s t i c a l l y t h e t o t a l demand i n terms o f p e r s o n n e l i s o f t h e 
o r d e r o f 900 h i r e d l a b o u r e r s . Based on t h e minimum monthly wage 
o f L.D. 75 per month* t h e annual c o s t o f a d d i t i o n a l l a b o u r e r s per 
h o l d i n g w i l l be 75 x 3 x 12 = L.D. 2700. Thus an average s e t t l e r s 
h o l d i n g would have t o c a r r y an annual w a g e - b i l l o f some L.D. 2700, 
which i s a l i t t l e more th a n h a l f o f t h e L.D. 4629.732 
n e t income per h o l d i n g . However t h i s w a g e - b i l l would have t o be 
met i n o r d e r t o achi e v e the p r o d u c t i o n l e v e l s d e s c r i b e d e a r l i e r 
i n t h i s Chapter and demanded by t h e p l a n d e s i g n . 
Thus, the t r u e n e t income per h o l d i n g would be L.D.4629.770 
minus L.D. 2700 = L.D. 1929.32 i . e . an average o f 160.81 
per m o n t h / h o l d i n g . 
Table No. 5„2.2.28 I n p u t - o u t p u t f o r t h e p r o j e c t area 
P r o j e c t aggregate p o s i t i o n 
I t e m L.D. Remarks 
T o t a l gross income 1,945,056.1 
A g r i c u l t u r a l p r o d u c t i o n 
c o s t s 
331,284.27 
Labourers Costs 810,000 
T r a n s p o r t c o s t s 212,973. 76 
Reduction o f the A g r i -
c u l t u r e S o c i e t y Comm. 
3% 
11,878.442 
A g r i c u l t u r e S o c i e t y 
Commission r e t a i n e d as 
i n v o l u n t a r y s a v i n g 
c r e d i t f o r p r o d u c e r 
Grand T o t a l c o s t and 
r e d u c t i o n 
1,366,136.3 
Net t o t a l income 578,919.8 
* assuming a l l Libyan l a b o u r 
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P r o j e c t aggregate p o s i t i o n : 
As shown i n Table No. 5_2.2.23, a net aggregate income 
from the p r o j e c t as designed, e x c l u d i n g h i r e d l a b o u r , i s 
L.D. 1,388,919.7. The wage b i l l o f 900 h i r e d l a b o u r e r s would be 
L.D.810,000 per annum. Thus the net income from the whole p r o j e c t 
area c o u l d be e s t i m a t e d as L.D. 1,388,919.7 minus L.D.810,000 = 
L.D. 578,919.7 i . e . L.D. 192.973 net income per ha. 
The L i b y a n government p o l i c y as announced i n 1978 i n such 
s e t t l e m e n t p r o j e c t s now i s t o guarantee a f a m i l y income o f 
L.D. 1200-1500 per annum. 
As noted e a r l i e r the Tauorga s e t t l e r f a m i l y net income would 
be L.D. 1929.32 per annum (see p. 198 ) but o t h e r c o n s i d e r a t i o n s 
a l s o have t o be taken i n t o account. 
1. The e x p e n d i t u r e so f a r on t h e p r o j e c t o f c r e a t i n g p a r t l y 
r e c l a i m e d l a n d not y e t f i n a l l y ready f o r t r a n s f e r a n c e t o s e t t l e r s , 
we have a l r e a d y e s t a b l i s h e d as L.D. 4,081.12 per h e c t a r e 
(see c h a p t e r 4, p. 92 ) consequc:r: l y t he t o t a l o f e x p e n d i t u r e o f 
c r e a t i n g each s e t t l e r ' s h o l d i n g i s a l r e a d y 
4,081.12 x 10 (has) = L.D. 40,811.2 
2. D u r i n g the e a r l y 1970's government p o l i c y i m p l i e s t h a t 
any new s e t t l e r s i n new l a n d r e c l a m a t i o n p r o j e c t s would have t o 
purchase new h o l d i n g s by a process of repayment of a l l e x p e n d i t u r e 
i n c u r r e d i n e s t a b l i s h i n g the h o l d i n g , t h i s over a p e r i o d o f y e a r s . 
I n 1978, however, the p o l i c y was m o d i f i e d so t h a t the s e t t l e r would 
be g i v e n f r e e f a m i l y housing i n c l u d i n g a l l normal i n s t a l l a t i o n s , 
and would be expected t o repay o n l y the e q u i v a l e n t o f 251 of the 
c o s t s i n c u r r e d i n r e c l a m a t i o n and p r e p a r a t i o n o f the a g r i c u l t u r a l 
area ready f o r c u l t i v a t i o n . 
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Table 5-2.2.29 E s t i m a t e d monthly f a m i l y e x p e n d i t u r e a c c o r d i n g 
t o low income groups - T r i p o l i - 1974 
Consumption Item Value i n 
L.D. 
Consumption Item Value i n 
L.D. 
Animal Products 8.325 Consumption goods 
( o t h e r t h a n f o o d ) 
2.955 
D a i r y Products 2. 709 Fuel and E l e c t r i c i t y 3.041 
Sugar 0. 968 C l o t h i n g and T e x t i l e 
f u r n i s h i n g 
5. 995 
D r i n k s 1. 964 Household Equipment 
and Durables 
4 . 503 
O i l and f a t s 2.831 Services and Personal 
E x p e n d i t u r e 
11.367 
Tobacco 2.494 T r a n s p o r t 3. 339 
M e d i c a l care 2. 899 Education 1.064 
T o t a l 51.623 
Source: Libyan M i n i s t r y o f P l a n n i n g - M o n t h l y c o s t o f 
l i v i n g index o f T r i p o l i Town. 
( T r i p o l i , 1974) pp.68-70. 
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3. I f we a b s t r a c t from t he t o t a l c o s t s p.ha these items o f 
g r a n t i . e . items 3, 4, 5 and 6 i n Table 4.1.1 (p.89) and items 
1 and 4 i n Table 4.1.3 (p. 91) then we a r r i v e a t an e s t i m a t e o f 
the c o s t s which the s e t t l e r s h o u l d repay as a form o f h o l d i n g 
purchase, i . e . 25'i o f L.D. 3, 279.560 p.ha = L.D. 819.89. 
Thus f o r a 10 ha. h o l d i n g the repayment/purchase p r i c e per 
h o l d i n g would amount t o some L.D. 8198.9. 
4. Since such repayment would have t o be made from s e t t l e r s ' 
savings we must now e s t i m a t e t h e o r d e r o f magnitude o f p o s s i b l e 
savings which a s e t t l e r m i g h t make from n e t income. I n Table 
5>2.2.29 the most r e c e n t e s t i m a t e s o f average L i b y a n household 
monthly e x p e n d i t u r e are shown. A c c e p t i n g t h a t these are f o r 
urban households, and t h a t , u n l i k e t h e o t h e r f i n a n c i a l d a t a we 
have used, r e f e r t o 1974 r a t h e r t h a n 1977, we can at l e a s t 
e s t a b l i s h as an o r d e r o f magnitude, t h a t m o n t h l y household 
e x p e n d i t u r e ( e x c l u d i n g h o using) by 1977 i n Tauorga would be about 
L.D.70. From a n e t monthly income per s e t t l e r farmer o f about 
L.D.161 (p.198) t h e maximum mon t h l y p o t e n t i a l savings would be 
a p p r o x i m a t e l y L.D. 91, an annual r a t e o f L.D. 1092. 
5. I f a l l such p o t e n t i a l s avings were devoted t o even the 
post-1978 r e l a t i v e l y low repayment r a t e s , t h e n i t would t a k e each 
s e t t l e r over seven and a h a l f years t o complete purchase/repayment. 
I t i s f u l l y r e a l i s e d t h a t t h i s i s an a n a l y s i s o f a 
h y p o t h e t i c a l s i t u a t i o n s i n c e l a n d and housing have n o t been 
a l l o c a t e d and s e t t l e r - f a r m e r p r o d u c t i o n and t h e whole m a r k e t i n g 
o p e r a t i o n has not i n f a c t been e s t a b l i s h e d . N e v e r t h e l e s s , i t 
would appear t h a t t h e economic aims o f s i g n i f i c a n t l y i m p r o v i n g 
r u r a l incomes would have b a r e l y been met and t h a t even the 
p o s i t i o n o u t l i n e d above depended on a l l t he p r o d u c t i o n and 
mark^f-4->'- s v s t e r n s w o r k i n g a c c o r d i n g t o p l a n . 
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5„2«3 I m p r o v i n g t h e socio-economic and c u l t u r a l s i t u a t i o n 
f 32 1 
i n c l u d e d t h e f o l l o w i n g aims: 
(1) Economic E f f e c t s 
a. I n c r e a s e i n t h e d i r e c t and i n d i r e c t c r e a t i o n o f w e a l t h 
and a c c e l e r a t i o n o f t o t a l economic gr o w t h : 
i ) by a c t i v a t i o n o f i d l e r e s o u r c e s and l a n d r e c l a m a t i o n 
i i ) by i n t r o d u c t i o n and a m e l i o r a t i o n o f a g r i c u l t u r a l processes 
i i i ) by p r o m o t i o n o f the c r e a t i o n o f c a p i t a l 
i v ) by i m p r o v i n g t he t r a d e balance ( s a v i n g o f f o r e i g n exchange) 
b. Promotion o f economic s t a b i l i t y : 
i ) by i n t r o d u c t i o n o f h i g h y i e l d i n g crops and animals 
i i ) by d i v e r s i f y i n g and c o m m e r c i a l i z i n g p r o d u c t i o n 
(2) S o c i a l E f f e c t s 
a. Improved d i s t r i b u t i o n o f income 
b. I m p r o v i n g l i v i n g c o n d i t i o n s 
i ) h e a l t h 
i i ) r e s i d e n c e 
i i i ) e d u c a t i o n 
c. Occupation o f the unemployed and underemployed 
d. M o d i f i c a t i o n o f the r u r a l p o p u l a t i o n ' s and t r i b a l 
way o f l i v i n g . 
(3) C u l t u r a l E f f e c t s 
a. removal o f i l l i t e r a c y 
b. t r a i n i n g o f a c r i t i c a l mass o f l o c a l e x p e r t i s e 
c. i n t r o d u c t i o n o f c u l t u r a l changes 
(4) P o l i t i c a l E f f e c t s 
a. a move towards i n c r e a s i n g n a t i o n a l independence i n the 
supply o f a g r i c u l t u r a l and o t h e r p r o d u c t s w i t h i n L i b y a 
( t h i s i n a s s o c i a t i o n w i t h o t h e r A g r i c u l t u r a l p r o j e c t s ) 
b. i n t e r n a l e f f e c t s w i t h i n L i b y a - removal o f r e g i o n a l 
d i s p a r i t i e s 
The achievement o f these demands depends p a r t l y on the 
income - p - t ^ t h S s e t t l e s ' h o l d i n g s and p a r t l y on the government's 
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f u r t h e r p r o v i s i o n o f s e r v i c e s , which are a l r e a d y s u p p l i e d by the 
government. Under normal c o n d i t i o n s , b o t h t h e income from h o l d i n g s 
and t h e governmental p r o v i s i o n o f s e r v i c e s were p l a n n e d t o 
complement each o t h e r t o o p e r a t e towards t h e g o a l on a dynamic 
n o t s t a t i c t i m e as shown i n F i g . No. 5-2.3.1. 
I n t h i s p r o j e c t , however, i t i s d o u b t f u l i f the proposed 
development process would i n f a c t be i n i t i a t e d due t o the problems 
mentioned i n Chapter 6 p a r t i c u l a r l y t h e v i r t u a l i g n o r i n g o f 
the s e t t l e r s e d u c a t i o n and t r a i n i n g needs and the f a c t t h a t t h e 
s e t t l e r s ' income i s a r t i f i c a l l y , n o t n a t u r a l l y , c r e a t e d , as we have 
seen. 
Governmental P r o v i s i o n o f S e r v i c e s 
These are the s e r v i c e s demanded by a l l i n h a b i t a n t s . P r o d u c e r s 
and consumers a l i k e i n p a r t pay f o r these s e r v i c e s t h r o u g h i n d i r e c t 
t a x a t i o n , w h i l s t the s u p p l y o f " f r e e s e r v i c e s " i s d e c i d e d by 
government. A s c h o o l or a h o s p i t a l , a p o l i c e s t a t i o n or a h e a l t h 
u n i t , a c o u r t or m i l i t a r y d e f e n ce, f o r example are a l l such s e r v i c e s . 
These s e r v i c e s are t h e backbone o f the c o u n t r y and can 
m o s t l y , i t i s assumed, be s u p p l i e d o n l y be government because t h e y 
r e q u i r e l a r g e f i n a n c i a l b a c k i n g , as w e l l as n a t i o n a l a u t h o r i s a t i o n 
and o r g a n i z a t i o n . However, t h e case i n t h e Tauorga p r o j e c t i s t h a t 
such s e r v i c e s had been i n c l u d e d i n the p r o j e c t p l a n n i n g and con-
s t r u c t e d i n t h e c e n t r a l v i l l a g e d u r i n g t h e second phase, stage 1 
of t he p r o j e c t c o n s t r u c t i o n . The c o s t o f such c a p i t a l p r o v i s i o n 
i s met from s t a t e revenue which i n t h e L i b y a n case i s n o t 
s i g n i f i c a n t l y d e r i v e d from t a x a t i o n b u t from o i l income. 
The i n f l u e n c e o f governmental p r o v i s i o n 
o f s e r v i c e s i n terms o f development 
S e t t l e r s ' houses: A l l s e t t l e r s ' houses are not y e t c o n s t r u c t e d , 
but t h i s c o u l d e v e n t u a l l y o c c u r . T h i s would g i v e t h e f i r s t s t e p 
toward non-nomadic and permanent s e t t l e m e n t o f people who are i n 
p a r t " t i l l w h o l l y s e d e n t a r i s e d . T h e i r n o n - t r a n s f e r a b l e houses 
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and farms and t h e r e q u i r e d f u l l t i m e w o r k i n g o f t h e h o l d i n g s were 
planned t o encourage s e t t l e d l i f e and c o n s e q u e n t l y form a s t a b l e 
new community. 
The Mosque i s a v e r y i m p o r t a n t and e s s e n t i a l p a r t of the c e n t r a l 
v i l l a g e because a l l s e t t l e r s are Moslims and w o r s h i p i s t h e f i r s t 
p r i o r i t y o f t h e i r l i f e . The mosque a l s o p r o v i d e s a p l a c e and 
times f o r meeting of members o f t h e community and a l l o w f o r b e t t e r 
i n t e r - c o m m u n i c a t i o n . 
The s c h o o l i s i n t e n d e d not o n l y f o r c h i l d r e n ' s academic s t u d i e s 
but a l s o a t n i g h t w i l l be used f o r f r e e a d u l t e d u c a t i o n , i n 
p a r t i c u l a r t o i n c r e a s e l i t e r a c y . A c e r t a i n s t a n d a r d o f l i t e r a c y 
i s one of t h e c o n d i t i o n s which a s e t t l e r has t o meet i n o r d e r 
t o be g i v e n a farm (see p. 43 ) L i t e r a t e s e t t l e r s w i l l be more 
a b l e t o u n d e r s t a n d problems c o n c e r n i n g e.g. q u a n t i t i e s o f 
f e r t i l i z e r s and how t o use them, book keeping f o r h i s f a r m , 
a g r i c u l t u r a l magazines e t c . 
The h o s p i t a l i n t h e c e n t r a l v i l l a g e i s t h e c e n t r e f o r h e a l t h 
s e r v i c e s f o r t h e s e t t l e r s . A g a i n , a r e d u c t i o n i n m o r t a l i t y r a t e s 
can not o n l y i n c r e a s e p e r s o n a l happiness but s h o u l d i n c r e a s e 
f a m i l y s t a b i l i t y . I n c o m b i n a t i o n w i t h e d u c a t i o n , such p r o v i s i o n 
i s aimed t o improve h y g i e n e , a t t i t u d e s t o d i e t and a m o t i v a t i o n 
to work f o r b e t t e r l i v i n g s t a n d a r d s . 
The P o l i c e S t a t i o n w i l l s u p p l y s e c u r i t y i n the p r o j e c t and w i l l 
p a r t i c i p a t e i n d i s s o l v i n g problems and q u a r r e l s among s e t t l e r s . 
G r a d u a l l y t h e s e t t l e r w i l l remove the i d e a o f "Me and my b r o t h e r 
a g a i n s t my c o u s i n ; And me and my c o u s i n a g a i n s t t h e f o r e i g n e r " from 
h i s mind and he and h i s g e n e r a t i o n w i l l get more used t o 
d i s c i p l i n e and o r d e r . 
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The Post O f f i c e w i l l s u p p l y easy communication between t h e 
p r o j e c t and t h e r e s t o f the c o u n t r y and enable p r o j e c t management, 
and e v e n t u a l l y f a r m e r s , t o be i n t o u c h w i t h t h e market news 
such as demand, supply and p r i c e , e t c . 
A banking s e r v i c e i s i n t e n d e d t o encourage more s o p h i s t i c a t e d 
approaches t o c r e d i t and t h e h a n d l i n g o f money w i t h o u t e n t a i l i n g 
j o u r n e y s t o M i s u r a t a or T r i p o l i . S i m i l a r l y , t h e p r o j e c t 
a d m i n i s t r a t i v e b u i l d i n g s s h o u l d enable p r o j e c t a c t i v i t i e s t o be 
o r g a n i s e d w i t h i n t h e new community and d i m i n i s h a sense o f 
remoteness from the d i s t a n t c e n t r e s o f power. 
Also w i t h i n the c e n t r a l v i l l a g e have been planned t h e 
necessary economic components o f the new system. A c e n t r a l 
market was designed i n g e n e r a l t o p r o v i d e a r e t a i l o u t l e t f o r 
l o c a l and i m p o r t e d p r o d u c t s , but was not envisaged as p l a y i n g a 
major p a r t i n the m a r k e t i n g o p e r a t i o n s o f the a g r i c u l t u r a l 
c o o p e r a t i v e s o c i e t y . On the o t h e r hand, warehousing p r o v i s i o n 
c o u l d be used f o r many purposes, by t h e s e t t l e r s and by o t h e r 
a g e n c i e s . The t e c h n i c a l s e r v i c e s t a t i o n was t o p r o v i d e 
mechanical s e r v i c e s and p o s s i b l y machinery h i r e f o r the whole 
p r o j e c t and would encourage e a s i e r and cheaper access and 
exposure t o n o n - t r a d i t i o n a l f a r m i n g t e c h n o l o g y . 
I n s e t t l e m e n t t e r m s , the idea was t o encourage communal 
a c t i v i t y and t h e i n t e g r a t i o n o f many s m a l l farm e n t e r p r i s e s 
t h r o u g h a degree o f c e n t r a l i t y . What cannot be judge d i s how 
the balance between c e n t r a l c o n t r o l and t h e spontaneous growth 
of community r • s p o n s i b i l i t y would have developed. I n p a r t i c u l a r , 
t h e r e i s the q u e s t i o n o f how f a r the f i n a n c i a l l y f r e e p r o v i s i o n 
o f such s e r v i c e s and t h e r e f o r e a s t r o n g r o l e f o r c e n t r a l p r o j e c t 
a d m i n i s t r a t i o n would have a f f e c t e d t h e development response. 
-206-
C o n c l u s i o n 
Throughout t h i s c h a p t e r g e n e r o u s l y h i g h o r d e r s o f 
magnitude o f p r o d u c t i o n l e v e l s have been u t i l i z e d and i n p u t 
c o s t s e q u a l l y c o n s e r v a t i v e l y e s t i m a t e d . Based on almost 
e n t i r e l y 1977 p r i c e s , i t can be m a i n t a i n e d t h a t n e t incomes 
f o r e c a s t i n the h y p o t h e t i c a l p l a n were on t h e h i g h r a t h e r 
t h a n on the low s i d e . 
O r i g i n a l l y each s e t t l e r s h o u l d have p a i d about 
L.D. 40,811.2 as the p r i c e f o r h i s h o l d i n g , but government 
exemptions reduced t h i s t o L.D. 8,198.9. Thus a t l e a s t 
L.D. 32,612.3 f o r each s e t t l e r i s w r i t t e n o f f . 
Keeping i n mind t h a t t he government would be committed 
i n the f u t u r e t o s u p p o r t t h e s e t t l e r s t h r o u g h the a g r i c u l t u r e 
c o o p e r a t i v e s o c i e t y w i t h o u t c h a r g i n g i n t e r e s t on s u b s i d i z a t i o n 
or loans (see pp.20-22), t h i s means t h a t i n t h i s case o i l 
revenue would c o n t i n u e t o be expended r a t h e r t h a n s t r i c t l y 
i n v e s t e d i n such a g r i c u l t u r a l e s t a b l i s h m e n t s and t h e danger 
i s t h a t such p r o j e c t developments would remain p a r a s i t i c 
on o i l revenue, and n o t be s e l f s u s t a i n i n g or making a n e t 
r e a l c o n t r i b u t i o n t o n a t i o n a l w e a l t h . 
I n Chapter S i x which f o l l o w s , we examine the degree t o 
which the planned development process corresponds w i t h 
a c t u a l i t y . 
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C H A P T E R S I X 
THE REASONS FOR DISCREPANCIES BETWEEN 
PLAN AND EXECUTION 
I n Chapter 5 we examined t h e p l a n and the p r o g r e s s o f 
the development p r o j e c t , a n a l y s e d t he p r o j e c t ' s o b j e c t i v e s , 
and have a l r e a d y i d e n t i f i e d t h e major d i s c r e p a n c i e s between p l a n 
and e x e c u t i o n . 
I n t h i s c h a p t e r causes o f these d i s c r e p a n c i e s w i l l be 
i n d i v i d u a l l y i d e n t i f i e d and an a l y s e d , and some recommendations 
which appear t o be s u i t a b l e t o p r o j e c t c o n d i t i o n s w i l l be 
suggested. 
S p e c i a l a t t e n t i o n w i l l be p a i d t o the problems and 
d i f f i c u l t i e s w hich appeared i n the Second phase - Stage 2 b u t 
b e f o r e e l a b o r a t i n g on these problems we s h a l l f i r s t a t t e m p t 
t o i d e n t i f y t h e p o i n t s a s s o c i a t e d w i t h the success o f an 
a g r i c u l t u r e p r o j e c t . For success the f o l l o w i n g s h o u l d be secured 
1. The p r o j e c t must have been c o n s t r u c t e d a c c o r d i n g t o the 
g e n e r a l d e s i g n w h i c h grew from t he i n t e r p r e t a t i o n o f g e o g r a p h i c a l 
economic data and from t h e e n g i n e e r i n g p o i n t o f view. 
2. The o u t p u t o f t h e p r o j e c t must f u l f i l t h e o b j e c t i v e s f o r 
which t he p r o j e c t was des i g n e d , e i t h e r socio-economic demand 
i . e . h i g h e r l i v i n g s t a n d a r d s , l a n d s e t t l e m e n t , o r market demand 
f o r s p e c i f i c p r o d u c t s . 
3. The e x p l o i t i n g o f p h y s i c a l and economic f a c t o r s t o achiev e 
t h e g o a l must be s t a b l e and s e l f - s u s t a i n i n g . 
6.1 Phase Two - Stage 1 
Th i s s t a g e , c o n s t r u c t i o n o f t h e p r o j e c t was pla n n e d t o be 
s t a r t e d on November 1970 and t o be completed on November 1972, 
but t he a c t u a l date o f c o m p l e t i o n was e a r l y 19 74. 
The d e l a y o f almost two years was caused by v a r i o u s 
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f a c t o r s : 
1. D u r i n g t he p r o j e c t c o n s t r u c t i o n t h e r e were s i x d i f f e r e n t 
companies i n v o l v e d i n the p r o j e c t c o n s t r u c t i o n . These companies 
were, t he E g y p t i a n Boheira Company, t h e Land Reclamation A u t h o r i t y 
o f t h e Lib y a n Government s u p e r v i s i n g Boheira Company's a c t i v i t i e s , 
t h e German f i r m s KSB and Siemens s u p p l y i n g and i n s t a l l i n g 
t he mechanical and e l e c t r i c a l equipment, a second E g y p t i a n f i r m , 
Hassan A l l a m Company r e s p o n s i b l e f o r t h e c e n t r a l v i l l a g e , and 
f i n a l l y a f t e r March 1972 WAKUTI which was c o n t r a c t e d as a 
c o n s u l t a n t f o r the s u p e r v i s i o n o f Boh e i r a a c t i v i t i e s t o r e i n f o r c e 
t h e L i b y a n L.R.A. 
P r o j e c t c o n s t r u c t i o n i n c l u d e d a range o f a c t i v i t i e s on, 
e.g. t h e c e n t r a l v i l l a g e , t h e a g r i c u l t u r a l a r e a , mechanical 
works, e l e c t r i c a l i n s t a l l a t i o n s e t c . These r e q u i r e d a s p e c i a l l y 
capable and f l e x i b l e management and o r g a n i s a t i o n a l system b u t 
i n p r a c t i c e t h e d i v i s i o n o f r e s p o n s i b i l i t y between t h r e e groups 
from March, 1972 i . e . t h e Land Reclamation A u t h o r i t y o f t h e 
Liby a n Government, WAKUTI C o n s u l t a n t Company, and B o h e i r a 
Company, c o n s t r u c t i o n company, d i d n o t p r o v i d e a t o t a l l y r e l e v a n t 
s t r u c t u r e WAKUTI was b r o u g h t t o s u p e r v i s e a p l a n which was 
not t h e i r own b u t had been m o d i f i e d by Boh e i r a from t h e e a r l i e r 
WAKUTI d e s i g n and t h e gap between t h e c o n s u l t a n t s and the p r o j e c t 
b u i l d e r s produced problems due t o d i f f e r e n t t e c h n i c a l approaches 
as w e l l as those o f communication; even o f f i c i a l correspondence 
was c a r r i e d o u t i n two languages, A r a b i c and E n g l i s h . 
F u r t h e r m o r e , t he o b l i g a t o r y presence o f a r e p r e s e n t a t i v e 
o f each o f the above mentioned managements a t s i t e when each 
s i n g l e o p e r a t i o n was t o be execu t e d , e.g. d u r i n g t h e p o u r i n g 
o f cement f o r i r r i g a t i o n channels caused c o n f u s i o n and d e l a y . 
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I£ i n o r d e r t o e x p e d i t e work the c o n s t r u c t i o n c o n t r a c t o r 
o p e r a t e d i n the absence o f r e p r e s e n t a t i v e s o f o t h e r groups, t he 
l a t t e r d i s c l a i m e d a l l r e s p o n s i b i l i t y . I n p r a c t i c e t h i s l e d t o 
waste o f t i m e , m a t e r i a l s and money. 
2. The f r e q u e n t l a c k o f c o n s t r u c t i o n m a t e r i a l on s i t e when 
r e q u i r e d was one o f t h e main causes f o r the p r o j e c t e x e c u t i o n d e l a y 
and arose from d e l a y s i n d e l i v e r y and p o r t d i f f i c u l t i e s w i t h 
CD 
i m p o r t s . 
3. F i n a n c i a l d i f f i c u l t i e s arose i n c o n n e c t i o n w i t h t h e system 
o f payment f o r c o n s t r u c t i o n work. A c c o r d i n g t o t h e c o n t r a c t 
b i l l of q u a n t i t i e s and s p e c i f i c a t i o n t h e c o n t r a c t o r c o u l d be 
(2) 
p a i d o n l y a f t e r t h e t e s t i n g o f completed s e c t i o n s o f work. 
T h i s i s common p r a c t i c e b u t g i v e n a l s o v e r y l e n g t h y a d m i n i s t r a t i v e 
procedures l e d t o c o m p l i c a t i o n s and delays i n c o n s t r u c t i o n and 
t o c o s t i n f l a t i o n . 
4. The appearance of new types o f governmental r e g u l a t i o n s 
and a d m i n i s t r a t i v e systems a f t e r t h e 1st September 1969 
r e v o l u t i o n r e q u i r e d a c o n s i d e r a b l e t i m e f o r a d j u s t m e n t o f a l l 
engaged i n t h i s and o t h e r p r o j e c t s . 
The d e l a y s i n t h i s s t a g e , c o n s t r u c t i o n o f the p r o j e c t , 
q u i t e a p a r t from o t h e r c o n s i d e r a t i o n s , l e d t o the l a t e s t a r t 
o f t h e second stage l a n d p r e p a r a t i o n and t o t h e d i s l o c a t i o n o f 
what had been planned as a c a r e f u l l y i n t e g r a t e d o p e r a t i o n . As 
we s h a l l see l a t e r many o f these:problems appear i n many o t h e r 
c o u n t r i e s b u t they a l s o had some s p e c i f i c i m p l i c a t i o n s f o r 
t h i s p r o j e c t . 
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6.2 Phase Two - Stage 2 
Those problems and t h e background reasons, some o f which 
s t i l l appear, can be c l a s s i f i e d as f o l l o w s -
A. P r o b l e m s a p p e a r i n g because o f t e c h n i c a l mistakes i n t h e 
e x e c u t i o n o f Phase 2 - Stage 1 
1) L e v e l l i n g : 
D u r i n g t he c o n s t r u c t i o n phase, w h i l e p e r f o r m i n g o r i g i n a l 
l e v e l l i n g , t h e top s o i l - c u l t i v a b l e l a y e r - was removed 
c o m p l e t e l y l e a v i n g no s o i l a t a l l i n some areas i . e . Hosha No.31 
Kata No. 13 Djosa Nos. 1 - 6 which had t o be w r i t t e n o f f f o r 
f 3) 
c u l t i v a t i o n . J F u r t h e r m o r e , t h e top s o i l was p a r t l y removed 
i n s e v e r a l o t h e r areas l e a v i n g o n l y t h i n l a y e r s f o r c u l t i v a t i o n 
which c r e a t e s g r e a t problems .for p e r f o r m i n g the a g r i c u l t u r a l 
processes p a r t i c u l a r l y l e a c h i n g and i r r i g a t i o n . T his improper 
l e v e l l i n g was caused by a p p l y i n g u n s u i t a b l e machinery; e.g. 
t r a c t o r - h i t c h e d s c r a p e r s used f o r c o n s t r u c t i o n work were used 
i n s t e a d o f l a n d - p l a n e r s . 
2) I r r i g a t i o n c a n a l s 
( i ) The above was n o t the end o f the problem, b u t the removed 
s u r f a c e s o i l , which i s p a r t i c u l a r l y r i c h i n s a l t s , was used as 
base and embankments f o r t h e main, sub and l a t e r a l i r r i g a t i o n 
f 4") 
canals and a l s o f o r t h e s e r v i c e roads i n between t h e Djosas. J 
During p e r i o d s o f r a i n f a l l the s a l t c o n t e n t o f the s o i l 
d i s s o l v e d l e a d i n g t o e r o s i o n and gaps beneath and a t t h e s i d e s 
o f the c o n c r e t e i r r i g a t i o n c a n a l s . T h i s l e d t o the c o l l a p s e o f 
the main i r r i g a t i o n c a n a l , s e v e r a l o t h e r s u b - i r r i g a t i o n c a n a l s , 
and s e v e r a l c u l v e r t s t r u c t u r e s . S i m i l a r cases a l s o happened i n 
the c e n t r a l v i l l a g e . 
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( i i ) I t was t h e n observed i n t h e broken main i r r i g a t i o n c a n a l 
s e c t i o n s t h a t t h e l i n i n g c o n c r e t e w h i c h a c c o r d i n g t o s p e c i f i c a t i o n s 
s h o u l d have been 12 cm t h i c k was o n l y 2 c m ; t h u s i t was 
p o s s i b l e t h a t t h i s weakness c o u l d a l s o have been p r e s e n t 
elsewhere. Given t h e low mechanical s t r e n g t h o f t h e s a l t s - r i c h 
s o i l m a t e r i a l such weaknesses become c r i t i c a l . 
3) I t was found t h a t i r r i g a t i o n w a t er c o u l d n o t be s u p p l i e d 
t o Hosha Nos. 13 and 14. This i s caused by t h e f a c t t h a t t h e 
l e v e l o f t h e two l a t e r a l i r r i g a t i o n c a n a l s f e e d i n g those two 
Hoshas, were lower t h a n t h e t o p s o i l s u r f a c e l e v e l o f these 
Hoshas. A c o n s i d e r a b l e l a y e r o f t h i s t o p s o i l was removed t o 
a l t e r t he r e l a t i v e l e v e l s , but t h i s d i d not s o l v e t he problem; 
on t h e c o n t r a r y f u r t h e r problems o f c u l t i v a t i n g t h i n s o i l l a y e r s 
were c r e a t e d . These two Hoshas are now f e d by water pumped 
up from these two i r r i g a t i o n c a n a l s , an expensive answer i n terms 
of l a b o u r and o t h e r r u n n i n g c o s t s . 
4) Drainage system: Many o f t h e l a t e r a l d r a i n s and s u b - 2 - d r a i n s 
were executed w i t h i n c o r r e c t i n c l i n a t i o n and are not f u n c t i o n i n g 
p r o p e r l y and t h e f i e l d d r a i n s are n o t deep enough t o d r a i n 
(71 
w a t e r . *• J F u r t h e r m o r e , t h e l e v e l o f the two p r i n c i p a l d r a i n s 
was not lower t h a n t he l e v e l o f the p r o j e c t a r e a , and c o n s e q u e n t l y 
t h e d r a i n e d w a t e r i s not moving towards t h e sebkha, as i t s h o u l d 
be. 
5) Subsidence o f e a r t h : I n s e v e r a l p l a c e s i n t h e p r o j e c t , 
m a i n l y under t h e c e n t r a l v i l l a g e ' s s t r e e t s , pump s t a t i o n 
b u i l d i n g s , and o t h e r s t r u c t u r e s , subsidence o f e a r t h t o o k 
p l a c e . T h i s was due t o bad compaction o f t h e e a r t h , and, 
a g a i n , t h e h i g h s a l t c o n t e n t o f t h e s o i l . 
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These c r i t i c a l c o n s t r u c t i o n d e f i c i t s became c r u c i a l 
when phase 2 - stage 2 s t a r t e d , because they were n o t i d e n t i f i e d 
e a r l y enough and because t h e y were t r e a t e d w i t h o u t due 
c a u t i o n and care w h i c h l e d t o a s t r e n g t h e n i n g o f t h e i r 
c r i t i c a l i t y and c o n s e q u e n t l y v e r y n e g a t i v e l y i n f l u e n c i n g t h e 
p r o g r e s s o f phase 2 - stage 2. 
B. Problems a p p e a r i n g because o f shortcomings i n t h e e x e c u t i o n 
of Second phase ° Stage 2 
1. I r r i g a t i o n : 
a. The p r o g r e s s i n t h e p r o j e c t i s pe r m a n e n t l y t h r e a t e n e d by 
th e almost c o n t i n u o u s need o f r e p a i r o f the f r e q u e n t breaks i n 
f 91 
t h e main i r r i g a t i o n c a n a l . . 
b. A problem which becomes i n c r e a s i n g l y s e r i o u s i s the l e a k i n g 
f i e l d i n l e t s . Many o f them permanently a l l o w w a ter t o e n t e r 
the f i e l d s and thus are c a u s i n g an i n c r e a s e i n s a l i n i t y . 
c. Lack o f l a b o u r c o n t r o l leads t o the l e a v i n g open of gates 
a l l over the p r o j e c t and c o n s e q u e n t l y water f l o w s almost 
permanently i n t o the f i e l d s . E r o s i o n , i n c r e a s e i n s a l i n i t y 
and waste o f i r r i g a t i o n w a t e r are the r e s u l t s . 
d. The amount o f water a p p l i e d t o the f i e l d s v a r i e s g r e a t l y 
(12) 
from s p e c i f i c a t i o n . v J I n some cases the amount i s too s m a l l 
w h i l s t i n o t h e r s the f i e l d s ( d j o s a ) are almost f l o o d e d . 
A d d i t i o n a l l y , due t o bad l e v e l l i n g , as can be e a s i l y observed, 
some p a r t s o f f i e l d s a re f l o o d e d w h i l e o t h e r s are d r y . 
e. Timing o f a p p l i c a t i o n o f i r r i g a t i o n w a t e r i s i r r e g u l a r . 
F r e q u e n t l y r e g u l a r i r r i g a t i o n i s n ot p o s s i b l e because the i r r i g a t i o n 
f l 31 
system has broken down.^ J 
f . Poor maintenance of the i r r i g a t i o n system because a t t e n t i o n 
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i s m a i n l y p a i d t o t h e r e p a i r o f crac k s or c o l l a p s e s , b u t v e r y r a r e 
p a i d t o a v o i d such breakdowns b e f o r e t h e y t a k e p l a c e . 
g. The e l e c t r i c i t y power supply i n t h e p r o j e c t i s n o t 
c o m p l e t e l y independent b u t i s c o n t r o l l e d from M i s u r a t a . O f t e n 
c u t s i n supply t a k e p l a c e w h i c h a f f e c t t h e p r o j e c t ' s w a t er pumps 
o p e r a t i o n . Thus the b a s i c energy source f o r pumping, which i s 
fundamental t o water s u p p l y i s not g u a r a n t e e d , and t h i s i n a 
c l i m a t e c r i t i c a l t o p l a n t s u r v i v a l . 
2. Leaching 
The GCMAP was n o t a b l e t o c a r r y o u t and c o n t r o l l e a c h i n g 
processes i n the areas shown i n Table No.3.6.1. 
During the work performance the f o l l o w i n g shortcomings 
were observed; these are o f two k i n d s : 
A. Shortcomings which were o u t s i d e t h e c o n t r o l o f t h e company 
I n the Djosas where s o i l had been p a r t l y removed and l e f t w i t h 
o n l y a t h i n r e s i d u a l l a y e r , l e a c h i n g was v e r y d i f f i c u l t indeed 
and sometimes t h e r e was n o t enough e a r t h l e f t t o b u i l d up 
embankments. 
B. Shortcomings which were the r e s p o n s i b i l i t y o f t h e company : 
1 - Due t o wrong t i m i n g the amount o f water a p p l i e d i s 
o f t e n t o o s m a l l . 
2 - The embankments are f r e q u e n t l y b r o k e n , thus an even 
d i s t r i b u t i o n o f water i s i m p o s s i b l e . 
3 - The embankments around s i n k - h o l e s o f t e n break and 
l a r g e amounts o f water are l o s t . 
4- O f t e n water i s f l o w i n g u n c o n t r o l l e d i n t o f i e l d s . 
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5 - The t i m e between two processes i s sometimes t o o l o n g i . e . 
more tha n 4-6 days as r e q u i r e d i n the t e c h n i c a l s p e c i f -
i c a t i o n . 
3. Drainage: 
The e a r t h - w o r k team whi c h was concerned w i t h maintenance 
and r e p a i r work f o r d r a i n a g e d i t c h e s (see p. 147) was n o t able 
t o c a r r y out a n n u a l l y a l l t h e necessary work i n t h i s r e s p e c t . 
Consequently w i l d grasses, bushes, reeds and sedge were growing 
i n t h e d i t c h e s , p a r t i c u l a r l y i n t h e p r i n c i p a l d r a i n s , main 
d r a i n a g e c a n a l , s u b - l - d r a i n s and sub - 2 - d r a i n s . F u r t h e r m o r e , 
some machinery such as the P o c l a i n e x c a v a t o r w h i c h was used d u r i n g 
t h e second phase - stage 1 f o r c o n s t r u c t i o n was a l s o used f o r 
d i t c h c l e a n i n g , b u t s i n c e i t was n o t t h e r i g h t equipment, t h e 
s i d e slopes and t h e bottom i n c l i n a t i o n o f the d i t c h e s were 
d e s t r o y e d . I t was n o t u n t i l t h e mi d d l e o f 1977 t h a t t h e r i g h t 
machinery was made a v a i l a b l e i n t h e p r o j e c t . A d d i t i o n a l l y , t h e 
f i n e d e s e r t d u s t , which t h e G h i b l i b r i n g s t o the p r o j e c t , and 
eroded s i l t , c o m p l e t e l y f i l l e d some d i t c h e s , e s p e c i a l l y f i e l d 
d r a i n s and l a t e r a l d r a i n s . 
As a r e s u l t o f a l l t h i s and w i t h t he c o n s t r u c t i o n d e f e c t s 
i n mind (see p.213 ) t h e d r a i n a g e system d i d n o t f u n c t i o n 
p r o p e r l y and sometimes not a t a l l . One r e s u l t was a r i s e i n 
t h e ground w a t e r t a b l e c a u s i n g t h e f o l l o w i n g problems -
a. R e - s a l i n a t i o n 
Since t h e s a l t y w a t er cannot be d r a i n e d and e v a p o r a t i o n 
i s g r e a t e r t h a n t he p r e c i p i t a t i o n , t h e p e r c o l a t i o n d i r e c t i o n goes 
upward t h r o u g h c a p i l l a r y a c t i o n , i . e . t h e wa t e r evaporates on t h e 
s u r f a c e and t h e sediments are l e f t on t h e upper s o i l l a y e r . 
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b. Toxic c o n c e n t r a t i o n o f boron: Due t o bad l e a c h i n g 
and d r a i n a g e t o x i c c o n c e n t r a t i o n o f boron i s now found i n 
the s o i l . T h is phenomenon i s a s e r i o u s hazard s i n c e t h e 
c o n c e n t r a t i o n o f boron i s v e r y h i g h on a t l e a s t h a l f o f 
the p r o j e c t . 
(16) 
c. Sink Holes : S i n k - h o l e s c r e a t e problems f o r some p a r t s 
o f t h e p r o j e c t . The areas m a i n l y a f f e c t e d are South and 
East b u t th e y a l s o appear i n o t h e r a r e a s , as f o r i n s t a n c e 
Wadi Q u e d e i r i a a l t h o u g h t h e y are s m a l l e r and not o n l y 
c r e a t e d t h r o u g h w a t e r , b u t i n i t i a t e d by r o d e n t s . * The 
s i n k - h o l e s i n areas East and South are c r e a t e d t h r o u g h w a t e r 
which causes s u b - s u r f a c e s o l u t i o n and c o l l a p s e thus f o r m i n g 
underground c h a n n e l s . When c o n n e c t i o n s t o the s u r f a c e i s 
e s t a b l i s h e d t h r o u g h c o l l a p s e l a r g e amounts o f wa t e r and 
s o i l d i s a p p e a r t h r o u g h them making a g r i c u l t u r e v e r y d i f f i c u l t , 
i f n o t i m p o s s i b l e . The s i n k - h o l e s have t o be t e m p o r a r i l y 
surrounded by embankments i n o r d e r t o be able t o c o n t i n u e 
r e c l a m a t i o n work or a g r i c u l t u r a l p r o d u c t i o n . I n t o t a l t h e r e 
are 163 s i n k - h o l e s w h i c h a f f e c t 544.2 ha. Fur t h e r m o r e , on 
363 f i e l d s t h e r e are s i n k - h o l e s under t h e i n l e t - s t r u c t u r e s . 
The l o c a t i o n o f s i n k - h o l e s i n t h e f i e l d s and those under 
i n l e t s t r u c t u r e are shown i n Table 6-2.1. 
Innumerable rodent h o l e s make t h e top s o i l l a y e r c o l l a p s e . 
This i n due course leads t o t h e development o f s i n k - h o l e s . 
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Table No. 6.2.1. L o c a t i o n o f s i n k - h o l e s 
Area w i t h 
s i n k - h o l e s 
ha. 
Number o f s i n k - h o l e s 
Hoshas I n l e t s t r u c t u r e I n f i e l d s 
1 - 3 69.163 52 2 
4 - 7 82.700 23 5 
8 - 11 114.415 77 -
12 - 17 24.521 14 59 
18 - 22 81.312 78 61 
23 - 28 57.006 41 -
29 - 32 115.097 78 36 
T o t a l 544.214 363 163 
i 
Source: WAKUTI F i n a l Report 
(Siegen, March 1977), p.57. 
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4. L e v e l l i n g : 
O r i g i n a l l y l e v e l l i n g had been c a r r i e d out on a l l 
f i e l d s d u r i n g t he c o n s t r u c t i o n phase 2 - stage 1, o f 
t h i s p r o j e c t (see p. 123 ) . However, t h i s b a s i c l a n d 
p l a n i n g was l a t e r p a r t l y d e s t r o y e d by inadequate s o i l 
c u l t i v a t i o n , due m a i n l y t o the l a c k o f e x p e r i e n c e o f 
d r i v e r s and the poor c o n d i t i o n o f machinery. However, t h i s 
l e d t o a v e r y d i f f i c u l t and sometimes i m p o s s i b l e even 
d i s t r i b u t i o n o f w a t e r , which n e g a t i v e l y a f f e c t s t h e 
p r o g r e s s i n g o f l e a c h i n g and i r r i g a t i o n process (see p.214 ) 
G e n e r a l l y , l e v e l l i n g was c a r r i e d out w i t h o u t t h e 
s u p e r v i s i o n o f t r a i n e d s u r v e y o r s . 
5. Machinery and workshop: 
a. Machinery a d j u s t m e n t : Bad adjustment o f t h e a g r i c u l -
(181 
t u r a l machinery caused s e r i o u s damage i n t h e p r o j e c t . ^ J 
The b a s i c l a n d p l a n i n g i s a l r e a d y p a r t l y d e s t r o y e d 
by inadequate s o i l c u l t i v a t i o n which makes even d i s t r i b u t i o n 
o f i r r i g a t i o n w a t e r d i f f i c u l t . Bad machine s e t t i n g l e d 
t o seeds b e i n g p l a c e d t o o deep i n the s o i l and t h e r e was 
a l s o o c c a s i o n a l l y wrong seeding r a t e s . This a l s o l e d 
f 19) 
t o mistakes i n p l o u g h i n g under o f green manure. The 
mowing process o f a l f a l f a i s u s u a l l y c a r r i e d out b a d l y 
and on l a r g e areas t h e a l f a l f a i s l e f t u n c u t , and f l a t t e n e d 
by d r i v i n g over i t . Uneven d i s t r i b u t i o n o f f e r t i l i z e r s 
has e a s i l y o b s e r v a b l e e f f e c t s on g e r m i n a t i o n and growing. 
- 220-
The s u p e r v i s o r s were not able t o h e l p d r i v e r s t o a d j u s t 
t h e i r machines s i n c e t h e i r knowledge o f a d j u s t m e n t o f 
f 21 "1 
machinery i n g e n e r a l was l i m i t e d . ^ J 
b. Machinery Management: 
Ti m i n g , e x e c u t i o n , and performance i n t h e f i e l d 
work are not adequate t o make f u l l use o f the s o i l f e r t i l i t y 
(22) 
and t o b u i l d up a f a v o u r a b l e s o i l s t r u c t u r e . v ' O f t e n 
c u l t i v a t i o n processes are c a r r i e d out on t o o wet or t o o 
dry s o i l and sometimes t h e o r d e r o f a p p l i c a t i o n o f t o o l s 
i s wrong i . e . a p p l y i n g s p r i n g t o o t h harrow i n s t e a d o f 
32-disc harrow. 
c. Workshop: 
The mechanical c o n d i t i o n o f most machines i s not good 
(see Table No.5-1.3.5). This was m a i n l y due t o t h e v e r y poor 
performance of t h e workshop s t a f f who had l i t t l e e x p e r i e n c e 
and were few i n number. Libya r e l i e s on i m p o r t i n g from 
abroad a l l machinery, equipment, t o o l s and spare p a r t s e t c . 
and t h i s causes f r e q u e n t problems o f d e l a y i n o r d e r i n g 
and d e l i v e r y . F u r t h e r m o r e , Libya a l s o r e l i e s on f o r e i g n 
s k i l l e d l a b o u r who w i l l l eave the c o u n t r y when th e y f e e l t h a t 
t h e i r wishes are s a t i s f i e d r e g a r d l e s s o f the c o u n t r y ' s 
need f o r t h e i r presence, (see p. 255). 
(23) 
6. Cropping p a t t e r n s : 
Almost a l l t h e c r o p p i n g p a t t e r n s planned f o r t h e p r o j e c t 
i n o r d e r t o improve t h e s o i l p h y s i c a l s t a t u s were e i t h e r n o t 
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c a r r i e d o u t , or s e v e r e l y changed. This a g a i n was p a r t l y caused 
by the f a c t t h a t schedules f o r o r d e r i n g and d e l i v e r i n g i m p o r t e d 
machinery, seeds, f e r t i l i z e r s , p e s t i c i d e s e t c . t o o k precedence 
over what was r e q u i r e d i n the d e s i g n . Table No. 6.3.2 shows 
th e date o f vessels' a r r i v a l and d e l a y s e x p e r i e n c e d a t T r i p o l i 
h a r b o u r , t h i s i t s e l f a v a r i a b l e o u t s i d e p r o j e c t c o n t r o l . As 
n o t e d elsewhere, the t i g h t b i o l o g i c a l f a r m i n g t i m e t a b l e can be 
c r i t i c a l l y a f f e c t e d by such d e l a y s . 
7, Weed c o n t r o l : 
Large areas o f the p r o j e c t have a l r e a d y been invaded by 
weeds and p a r a s i t e s , e.g. many f i e l d s o f Hosha No.17 are covered 
f 24) 
w i t h Bermuda g r a s s . Cynadon d a c t y l o n Bushes which are 
s p r e a d i n g f a s t a l l over the p r o j e c t grew w i l d i n the area b e f o r e 
the p r o j e c t was e s t a b l i s h e d b u t under the poor n a t u r a l growing 
c o n d i t i o n s o n l y a few o f them were a b l e t o s u r v i v e . However, w i t h 
t h e e s t a b l i s h m e n t o f the p r o j e c t and ample supply of water and 
n u t r i e n t s t h e y t h r i v e and have a l r e a d y occupied l a r g e p a r t s o f 
f 25) 
the p r o j e c t p a r t i c u l a r l y Hosha Nos. 16 and 17. v J 
D u r i n g the summer o f 1975 s e v e r a l s m a l l areas i n f e s t e d 
w i t h c l o v e r dodder Cuscuta t r i f o l i i were observed and s i n c e 
no measures were ta k e n a g a i n s t t h a t , s e v e r a l areas were invaded 
On s e v e r a l l o c a t i o n s reeds which grow i n the d r a i n a g e d i t c h e s 
everywhere have invaded nearby f i e l d s . One f e a t u r e which 
w i l l always be found i s the r e - g r o w t h o f the p r e v i o u s c r o p , f o r 
example, a l l over the p r o j e c t r e - g r o w i n g a l f a l f a i s found i n 
c e r e a l f i e l d s . Where t h i s occurs p r o p e r a p p l i c a t i o n o f 
a g r i c u l t u r a l machinery i s n o t p o s s i b l e . 
8. F e r t i l i z e r : 
At p r e s e n t most f e r t i l i z e r i s machine b r o a d c a s t b e f o r e 
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seeding b u t t h i s r e n d e r s i t s u b j e c t t o be i n g washed out b e f o r e 
the maximum b e n e f i t t o t h e p l a n t s i s d e r i v e d . F u r t h e r m o r e , 
b r o a d c a s t i n g by machine i s n o t done a c c u r a t e l y enough t o guarantee 
an even d i s t r i b u t i o n . Any second a p p l i c a t i o n l a t e r i n t h e season 
i s spread by hand, b u t w i t h o u t p r o p e r f e r t i l i z e r pans and good 
(27) 
t r a i n i n g o f l a b o u r i s n o t e f f e c t i v e . 
9. In n e r w i n d b r e a k s : 
The i n n e r wind breaks are not doi n g v e r y w e l l i n s t o p p i n g 
t h e dust from c r e e p i n g i n t o t h e p r o j e c t . Many f i e l d and l a t e r a l 
d r a i n s are p a r t l y r e - f i l l e d w i t h sand. 
F u r t h e r m o r e , t h e blown wind i s ca u s i n g crops' l o d g i n g , such 
as those crops w i t h l o n g stems i . e . wheat, b a r l e y and oats and 
thus n e g a t i v e l y a f f e c t i n g p l a n t e d seeds and making h a r v e s t i n g 
v e r y d i f f i c u l t . 
10. P r o j e c t management and o r g a n i z a t i o n 
The o v e r a l l management o f t h i s stage was c a r r i e d out by 
th e GCMAP, s u p e r v i s i o n and f o l l o w up by t h e TPSC, who were support e d 
by WAKUTI and i t i s t h i s d i v i d e d management which u l t i m a t e l y 
must bear r e s p o n s i b i l i t y f o r most o f t h e problems. 
The management i n t h i s p r o j e c t was changed v e r y o f t e n , p a r t i c -
u l a r l y those p e r s o n n e l i n l e a d i n g p o s i t i o n s (see p.HO ) . I t 
was n o t a b l e t o cope w i t h t h e p r o j e c t ' s r e q u i r e m e n t s f o r t h e 
o p e r a t i o n and o r g a n i z a t i o n o f i t s f i v e key f a c t o r s and f o u r 
main headings i n t h e r i g h t d i r e c t i o n t o f u l f i l t h e p r o j e c t ' s 
o b j e c t i v e s . The TPSC's management s i t u a t i o n was more or l e s s t h e 
same as t h e GCMAP. I n a d d i t i o n , t h e chairman o f t h e TPSC was 
ov e r l o a d e d w i t h d u t i e s and r e s p o n s i b i l i t i e s because he was a l s o 
chairman o f o t h e r committees f o r s u p e r v i s i n g p r o j e c t s a t 
-223-
M i s u r a t a , D a f n i a , Tammina and Kararim. k J T h i s was f i n a l l y 
r e c o g n i s e d by the appointment o f an independent chairman f o r 
the Tauorga p r o j e c t a t t h e end o f 1975. WAKUTI's c o n t r a c t 
was n o t p r o l o n g e d a f t e r A p r i l 1977 i n s p i t e o f t h e need f o r 
t h e i r a d v i c e . 
11. S o i l a n a l y s i s : 
I n s p i t e o f t h e a v a i l a b i l i t y o f v a l u a b l e equipment and 
f a c i l i t i e s i n t h e s o i l l a b o r a t o r y t h e r e was a wide gap between 
the way i n which t h e s o i l a n a l y s i s proceeded and what was 
necessary. There was poor c o n t a c t and i n f o r m a t i o n exchange 
between t h e s u p e r v i s e r s i n t h e s o i l a n a l y s i s l a b o r a t o r y and 
the p r o j e c t ' s areas s u p e r v i s e r s , f o r example t h e r e are cases o f 
a Djosa b e i n g c u l t i v a t e d w i t h a crop i n t e n d e d t o be ploughed 
under and a f t e r a few days t h e s o i l l a b o r a t o r y recommended 
t h a t t h i s Djosa must be leached. Such c o n f u s i o n l e d t o a waste 
o f money and t i m e . F u r t h e r m o r e , t h e s o i l l a b o r a t o r y never 
recommended any chemical amendments such as a c i d i f i c a t i o n and 
replacement o f sodium e t c . 
12. Lack of e x p e r i e n c e o f l a b o u r e r s : 
S e v e r al shortcomings appeared due t o the l a c k o f e x p e r i e n c e 
o f t h e l a b o u r e r s . 
1) Very poor knowledge i n modern a g r i c u l t u r a l processes 
e.g. how t o handle machinery p r o p e r l y , how t o a c t 
a g a i n s t s a l i n i t y , t h e need f o r c a r e f u l c o n t r o l o f 
i r r i g a t i o n water f l o w s and s p r e a d i n g of f e r t i l i z e r e t c . 
2) Low s t a n d a r d o f work performance, i n c l u d i n g q u a n t i t y 
and q u a l i t y . 
3) Extremely poor e d u c a t i o n . 
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13.Shortage o f l a b o u r e r s and t e c h n i c i a n s 
A l a r g e number o f Egyptians l e f t L i b y a f o l l o w i n g t h e 
Lie 
(30) 
f 291 
L i b y a n / E g y p t i a n war o f J u l y 1977. J I n t h e same year L i b y a 
e x p e l l e d 13,700 T u n i s i a n s who were c l a n d e s t i n e m i g r a n t s 
These two f a c t s had an adverse a f f e c t on t h e p r o j e c t p r o g r e s s , 
p a r t i c u l a r l y a f f e c t i n g the l e a c h i n g programme. 
14. GCMAP C o n t r a c t : 
The GCMAP c o n t r a c t was based on t h e q u a n t i t y o f t h e 
work i t performed ( p.235 ) r a t h e r than t he q u a l i t y . I n t h e case 
o f i r r i g a t i o n t h e outcome was v e r y bad and t h e q u a l i t y o f s o i l 
c u l t i v a t i o n was worse. Many Djosas were i r r i g a t e d a c c o r d i n g t o 
a f i x e d schedule whether or not t h e r e had been r a i n , or whether 
(31) 
or n o t o t h e r p a r t s o f the work were on schedule. 
I n g e n e r a l , what has been d e s c r i b e d above i s n o t i n t e n d e d 
t o be h y p e r c r i t i c a l o f o p e r a t i o n s b u t i n s t e a d t o i d e n t i f y t h e 
ways i n which many o f the r e q u i r e m e n t s f o r s u c c e s s f u l i m p l e m e n t a t i o n 
were e i t h e r l o s t s i g h t o f or s u f f e r e d from t e c h n i c a l d e f e c t s 
which were n o t assessed i n t h e i r i n d i v i d u a l or t o t a l s i g n i f i c a n c e 
by management. 
6.3 A n a l y s i s and recommendations f o r the Second phase - Stage 2 
As phase 2, stage 2 i s the stage which i s under e x e c u t i o n 
a t p r e s e n t , problems and d i f f i c u l t i e s are h i n d e r i n g t he p r o g r e s s 
o f t h i s stage and i t i s t o these t h a t we now pay a t t e n t i o n . I n 
the ne x t few pages a n a l y s i s and recommendations o f some of the 
problems and d i f f i c u l t i e s are d i s c u s s e d . 
1) Maintenance o f the p r o j e c t : 
"'Ms i n c l u d e s work on i r r i g a t i o n and d r a i n a g e systems, 
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c e n t r a l v i l l a g e , s i n k - h o l e and weed c o n t r o l t o be c a r r i e d out 
by t he TPSC employing t h r e e teams o f l a b o u r e r s (see p.147). 
( i ) I r r i g a t i o n system : the number o f l a b o u r e r s per team i s 
not enough t o p e r f o r m t h e r e q u i r e d work s c h e d u l e , f o r i n s t a n c e 
i f we examine t h e team f o r j o i n t s e a l i n g we f i n d a major 
d e f i c i e n c y see Table No. 6.3.1. 
Table 6.3.1 P r o d u c t i v i t y o f Team f o r j o i n t s e a l i n g 
Type o f c a n a l 
T o t a l 
l e n g t h 
m. 
j o i n t s per 
da y / l a b o u r 
p i e c e s 
T o t a l l e n g t h 
per day 15 
l a b o u r e r s 
R equired 
days f o r 
s e a l i n g 
Main I r r i g a t i o n 2,200 8 360 6 
c a n a l 
S u b - 1 - I r r i g a t i o n 20,000 10 450 45 
Sub-2 50,000 10 450 112 
l a t e r a l 156,000 25 1,125 140 
T o t a l 303 
Source: WAKUTI F i n a l R eport, Siegen, 1977, p.163. 
This maintenance team c o n s i s t s o f 15 l a b o u r e r s 
Work days - a c t u a l 
365 days per year 
52 " ( F r i d a y s ) 
20 " H o l i d a y s 
30 " v a c a t i o n 
12 " Ramadan 
+ 251 
Balance o f work days 
Required days f o r s e a l i n g 303 days 
A c t u a l w o r k i n g days 2 51 " 
52 
That i s , i n o r d e r t o f u l f i l t h e e n t i r e o b l i g a t i o n t h e team i s 52 
days s h o r t per year. The o t h e r two teams are s h o r t o f 
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l a b o u r e r s a l s o , 
( i i ) S ink- h o l e s : 
Table No.6.2.1 shows t h a t t h e r e are 163 s i n k - h o l e s which 
a f f e c t 544.2 ha. i . e . 23.8% o f the p r o j e c t area. These s i n k - h o l e s 
c r e a t e problems f o r some p a r t s o f the p r o j e c t making a g r i c u l t u r e 
v e r y d i f f i c u l t , i f n o t i m p o s s i b l e . 
F u r t h e r m o r e , t h e s i n k - h o l e s under i n l e t s t r u c t u r e s 
cause a l o t o f water t o be wasted. S u r r o u n d i n g the s i n k - h o l e s by-
e a r t h embankments, t h e method under use i n the p r o j e c t a t p r e s e n t 
i n o r d e r t o be a b l e t o c o n t i n u e r e c l a m a t i o n works, i s a temporary 
s o l u t i o n . However, t h e r e are two o t h e r methods o f t r e a t i n g those 
s i n k - h o l e s -
(A) Deep p l o u g h i n g o f the a f f e c t e d Djosas, smashing the 
compacted masses by t r a c k - l a y i n g machines, t h e n l e v e l l i n g . 
(B) Dig out the s i n k - h o l e s w i t h an e x c a v a t o r and i n v e s t i g a t e 
i t t h o r o u g h l y , r e f i l l w i t h 30-40 cm o f n o n - s a l i n e s o i l over sand, 
wet i t and compact w e l l by means o f a v i b r a t o r machine. The f i r s t 
method i s not recommended f o r the reason mentioned i n pp. 145-146) 
i t i s expensive and w i l l b r i n g s a l t s t o the s u r f a c e . The second 
method i s s a f e r , cheaper and q u i c k e r and has proved t o be a 
s u c c e s s f u l method. 
( i i i ) Drainage system: 
A p a r t from s h o r t a g e o f l a b o u r e r s f o r maintenance, t h e r e 
i s t h e problem o f a v a i l a b i l i t y o f q u a l i f i e d t e c h n i c i a n s t o d r i v e 
the r i g h t new machinery which a r r i v e d on s i t e by mid 1977 
(see p. 216) . 
( i v ) Weed c o n t r o l : 
A s p e c i f i c team t o p e r f o r m t h i s j o b has never been a p p o i n t e d . 
Weed c o n t r o l i s c a r r i e d out o c c a s i o n a l l y by GCMAP and TPSC 
g e n e r a l l a b o u r e r s . 
2) I r r i g a t i o n and l e a c h i n g : 
Problems and d i f f i c u l t i e s of i r r i g a t i o n such as t h e 
t i m i n g o f a p p l i c a t i o n of i r r i g a t i o n w a t e r , i r r e g u l a r i r r i g a t i o n 
t 
e t c . caused by the f r e q u e n t break down of the sysem are 
s e r i o u s (p.214). Thus a g e n e r a l o v e r h a u l and, where ne c e s s a r y , 
a r e b u i l d i n g of t h e system i s r e q u i r e d ; m a k e - s h i f t r e p a i r i s 
o n l y a temporary s o l u t i o n . 
( i ) Border s t r i p and f u r r o w i r r i g a t i o n would be a more 
a p p r o p r i a t e system i n s t e a d of t h e m i x t u r e between b o r d e r s t r i p 
and b a s i n system which i s under use a t p r e s e n t i n t h e 
p r o j e c t area. 
( i i ) The r e v i s e d t e c h n i c a l s p e c i f i c a t i o n c o n c e r n i n g 
i r r i g a t i o n and l e a c h i n g must be f o l l o w e d , but the p r e s e n t 
3 
a p p l i c a t i o n r a t e of 500 m /ha r e q u i r e s r e v i s i o n s i n c e i t 
i s n o t g e n e r a l l y e f f e c t i v e now. 
( i i i ) Basic i r r i g a t i o n and l e a c h i n g t r a i n i n g f o r the c a n d i d a t e 
s e t t l e r s and a c c u r a t e l e v e l l i n g are e s s e n t i a l . 
( i v ) Very c l o s e s u p e r v i s i o n o f the i r r i g a t i o n system and 
processes i s , and w i l l be, necessary. 
3) L e v e l l i n g : 
As the f l o o d i r r i g a t i o n method f o r the p r o j e c t area was 
proposed (p. 7 1 ) , a c c u r a t e l e v e l l i n g i s always r e q u i r e d . L e v e l l i n g 
must be performed by the r i g h t machinery d r i v e n by an e x p e r i e n c e d 
t e c h n i c i a n and c o n t r o l l e d by a p r o p e r l y equipped s u r v e y o r . 
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4) Machinery and workshop: 
The machinery necessary f o r the p r o j e c t , and now l a c k i n g , 
must be s u p p l i e d . As can be seen from Table No. 5-1.3. 5 o n l y 
72.2% o f the a v a i l a b l e machinery i s ready f o r work, the r e s t i s 
under r e p a i r (17.191) or t o t a l l y out o f o r d e r ( 1 0 . 5 8 % ) . This 
i s m a i n l y due t o the v e r y poor performance o f the workshop, and the 
low s t a n d a r d o f d r i v i n g . So, t h e mechanical c o n d i t i o n o f a l l 
machines must be improved c o n s i d e r a b l y . The r e q u i r e d s t a n d a r d s 
of work can o n l y be achieved by an u p g r a d i n g o f p e r s o n n e l i f the 
q u a l i t y o f work i s t o be s a t i s f a c t o r y . 
5) Cropping p a t t e r n : 
I mported I n p u t s : L i b y a depends on i m p o r t i n g most o f the r e q u i r e d 
i n p u t s f o r t h i s p r o j e c t and d i f f i c u l t i e s o f o b t a i n i n g c h e m i c a l s e t c 
a t t h e r i g h t time always causes problems ( p. 140) Delay o f 
u n l o a d i n g the v e s s e l s a t T r i p o l i h arbour i s c o n s i d e r a b l e . L i b y a 
e s t i m a t e d the annual c o s t o f c o n g e s t i o n a t $175 m i l l i o n due t o 
t h i s d e l a y . 
Table No. 6.3.2 shows t h a t d e l a y i s r a n g i n g between 4 and 
45 days. However, t h i s 45 day d e l a y exceeds t h e s p e c i f i e d p e r i o d 
of d ate o f s t a r t i n g seeding and date o f f i n i s h i n g seeding o f 
s e v e r a l crops shown i n Table No.5-1.3.1. 
E x t e r n a l t o the p r o j e c t : F l e x i b i l i t y i n the Libyan i m p o r t processe 
i s r e q u i r e d , i n c l u d i n g a v o i d i n g the g r a d u a l i s t i c a d m i n i s t r a t i v e 
r o u t i n e o f i m p o r t a p p r o v a l and g i v i n g p r i o r i t y t o the a g r i c u l t u r a l 
s e c t o r ' s needs. 
The p r o j e c t a d m i n i s t r a t i o n and management c o u l d c o n t r i b u t e 
t h r o u g h advance p r e p a r a t i o n o f d e t a i l e d programmes o f s u p p l y of 
r e q u i r e d items so t h a t the p r o j e c t would be s u p p l i e d w i t h s p i k e 
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TABLE No. 6.3.2 Delay o f u n l o a d i n g t h e v e s s e l s a t 
T r i p o l i h arbour 
Date o f r e p o r t Delay/days 
(1) 24 
(2) 24 
(3) 25 
(4) 21 
(5) 40 
(6) 45 
(7) 35 
(8) 10 
(9) 12 
(10) 5-7 
(11) 5-7 
(12) 4 
(13) 10 
(14) 10-12 
Vessels No, 
13 March 
M a r c h - A p r i l 
20 A p r i l 
1 June 
5 Sept. 
5 Oct. 
2 6 Feb. 
28 March 
2 3 A p r i l 
7 June 
20 June 
18 J u l y 
18 August 
2 3 August 
69 
70 
75 
96 
76 
17 
15 
10 
6 
20 
25 
Sources: -
(1) M i d d l e East Economic D i g e s t , v o l . 2 1 , No.15,(London 15th 
A p r i l 1977), p.14. 
(2) M i d d l e East Yearbook, I n t e r n a t i o n a l Communication I 
1978), p.99. 
(3) M i d d l e East Economic D i g e s t , v o l . 2 1 , No.19 (London, 
May 197 7) , p.16. 
(4) MEED, V o l . 21 , No. 25, (London, 24th June 1977), p.13. 
(5) MEED, V o l . 21 , No. 41,(London 14th Oct. 1977), p.19. 
(6) MEED, V o l . 21 , No. 48, (London 2nd Dec. 1977), p.23. 
(7) MEED, V o l . 22 , No. 12, (London 24th Mar. 1978), p.14. 
(8) MEED, V o l . 22 , No. 18, (London 5th May 1978), p.18. 
(9) MEED, V o l . 22 , No. 22, (London 2nd June 1978), p.19. 
(10) MEED, V o l . 22 , No. 25, (London 23rd June 1978), p.17. 
(11) MEED, V o l . 22 , No. 27, (London 7 t h J u l y 1978), p.21. 
(12) MEED, V o l . 22 , No. 36, (London 8 t h Sept. 1978), p.17. 
(13) MEED, V o l . 22 , No. 37, (London 15th Sept. 1978), p.17. 
(14) MEED, V o l . 22 , No. 44, (London 3rd Nov. 1978), p.19. 
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t o o t h harrows i n s t e a d o f s p r i n g t o o t h . S i m i l a r l y , r e q u i r e d items 
must be o r d e r e d a t the c o r r e c t t i m e . T h i s n e c e s s i t a t e s s t a f f 
h a v i n g e x p e r i e n c e i n d e p r e c i a t i o n o f machinery, spare p a r t s and 
s t o r e s . 
Crop c h o i c e : The suggested c r o p p i n g p a t t e r n f o r the r e c l a m a t o r y 
c u l t i v a t i o n , d a t e , r a t e and q u a n t i t y o f seeds and s o i l p rep-
a r a t i o n o f s o i l f o r c u l t i v a t i o n i n the r e v i s e d t e c h n i c a l s p e c i f -
i c a t i o n s seems t o be r e a l i s t i c and thus s h o u l d be f o l l o w e d as 
a s t r a t e g y , b u t i t s h o u l d n o t be t a k e n as i n f l e x i b l e b u t m o d i f i e d 
a c c o r d i n g t o p r e v a i l i n g s o i l and c l i m a t i c c o n d i t i o n s , a v a i l a b l e 
seeds and p r e v i o u s c r o p s . 
Concerning the suggested permanent crop p l a n t o be a p p l i e d 
i n t he p r o j e c t (p . 1 5 9 ) , w h i l s t i t i s t r u e t h a t v e g e t a b l e s are 
good cash c r o p s , i t s h o u l d be b o r n i n mind t h a t s a l i n i t y s h o u l d be 
c o n s i d e r e d i n i t s f u l l e f f e c t s ; n o t t o be r e c o r d e d as a s c i e n t i f i c 
f a c t . Thus t o recommend p o t a t o c u l t i v a t i o n i n t h i s p r o j e c t i s 
r e a l l y s u r p r i s i n g as the expected y i e l d decrement due t o water 
s a l i n i t y alone i s 501 (see App. - C ). Guava i s a f r u i t which 
i s n o t w e l l known t o L i b y a n s , and t h e r e f o r e b e f o r e recommending 
t h i s f r u i t and s i m i l a r n o v e l crops t o be c u l t i v a t e d i t must be 
known i f they w i l l be m a r k e t a b l e . 
Except f o r broad beans, a l l g r a i n s and f o d d e r recommended 
i n t he p l a n seem r e a l i s t i c t o be c u l t i v a t e d i n the Tauorga p r o j e c t . 
6) I n t e r n a l Wind br e a k s : 
The recommendations f o r s e l e c t i n g and p l a n t i n g t r e e s and 
c u t t i n g s e t c . (pp. 140-145) are v a l u a b l e i n t h i s p r o j e c t c o n d i t i o n s 
and must be f o l l o w e d . However, a f o r e s t r y e x p e r t must be 
a p p o i n t e d who w i l l be r e s p o n s i b l e f o r a d v i s i n g and d i r e c t i n g a 
t r a i n e d team, which a l s o must be a p p o i n t e d . 
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7) F e r t i l i z e r s : 
S p e c i f i c and a p p r o p r i a t e r a t e s o f f e r t i l i s e r a p p l i c a t i o n s 
must r e p l a c e the p r e s e n t haphazard methods and must be based 
on p l a n t and s o i l a n a l y s i s . For example, samples sh o u l d be 
t a k e n from the crops on each Kosha i n the m i d d l e o f every season 
and from the whole p l a n t , except f o r r o o t s , a n d the t o t a l c o n t e n t 
of N, P, K, Ca, Mg, Na, and B s h o u l d be d e t e r m i n e d f o r the 
v a r y i n g f i e l d c o n d i t i o n s . Once e s t a b l i s h e d , t h e a p p l i c a t i o n s 
must be exact and c o n t r o l l e d . 
8) Management and o r g a n i z a t i o n : 
The management f a i l u r e i n t h i s p r o j e c t i s p a r t l y due t o 
r a p i d s t a f f t u r n o v e r , p a r t l y due t o the l a c k o f e x p e r i e n c e 
of i t s members i n such s e n s i t i v e p r o j e c t s and p a r t l y due t o 
c o m p l e x i t y o f the a d m i n i s t r a t i o n and o r g a n i s a t i o n . 
O b v i o u s l y s t a b l e management i s necessary i n o r d e r t o g i v e 
c o n t i n u i t y and t h e r e f o r e g a i n e x p e r i e n c e , but the changes i n 
the p o s i t i o n o f p e r s o n n e l i n management i s p a r t l y due t o 
moving e x p e r t s t o o t h e r p o s i t i o n s or t o o t h e r schemes and p a r t l y 
due t o a c t i o n by the peoples committees. 
As the L i b y a n government i s anxious t o d i v e r s i f y i t s 
economy b e f o r e o i l revenues r u n o u t , i n c r e a s i n g the p r o d u c t i v i t y 
o f t h e a g r i c u l t u r a l s e c t o r i s the most l i k e l y hope f o r t h e f u t u r e . 
However, f o r p r o j e c t p r o d u c t i v i t y i t would have been b e t t e r 
i f d e c i s i o n s such as management s t r u c t u r e , t h e scheme's f u t u r e 
e t c . were d e a l t w i t h o n l y by the a g r i c u l t u r a l p l a n n i n g p o l i c y 
makers o f the c o u n t r y or the M i n i s t r y of A g r i c u l t u r e , r a t h e r 
t h a n i n v o l v e many agencies w i t h c l e a r c h a i n o f command. 
This absence o f c l e a r l y demarcated r e s p o n s i b i l i t i e s 
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can be observed t o a f f e c t e v e r y t h i n g from d a i l y a g r i c u l t u r a l 
work t o g e n e r a l p r o j e c t s t r a t e g y . 
9) Candidate S e t t l e r s : 
The p r o j e c t ' s success depends much on the success o f 
d e v e l o p i n g t he s e t t l e r s themselves. Programmes f o r e d u c a t i n g 
and t r a i n i n g t he s e t t l e r s were planned t o s t a r t i n S p r i n g 1974, 
but a c t u a l l y o n l y a few items o f t h i s p l a n were implemented 
and t h e n o n l y p a r t i a l l y and not c o r r e c t l y , f o r example: -
a. A t r a i n i n g programme f o r s p r e a d i n g f e r t i l i z e r s was s t a r t e d 
i n 1975. On 10th June 1975, 111 o f t h e c a n d i d a t e s e t t l e r s a t t e n d i n g 
t h e course were a b l e t o spread f e r t i l i z e r c o r r e c t l y . However, 
on 8 t h J u l y , 1975, 37.5% were s u c c e s s f u l , 50% were p r o m i s i n g 
but 12.5% proved t o be i n c a p a b l e o f c o m p l e t i n g t h e t a s k 
c o r r e c t l y . I t c o u l d be c l a i m e d t h a t t h e r e s u l t o f t h i s 
programme was 87.5% success> w h i l e 12.5% r e p r e s e n t s temporary 
f a i l u r e b u t t h i s c o u l d p o s s i b l y have been r e c t i f i e d i f t h e 
one month p e r i o d had been extended. However, i n s p i t e o f t h i s 
success t h i s programme was not c o n t i n u e d and was c a r r i e d o u t 
f o r o n l y 18 t r a i n e e s i . e . 6% o f t h e 300 c a n d i d a t e s e t t l e r s . 
b. On A p r i l 1975 a t r a i n i n g programme f o r t r a c t o r d r i v e r s was 
s t a r t e d ; by mid June 1976 12 i . e . 85.7% o f the 14 who a t t e n d e d 
the course passed. However, t h e i r a b i l i t y was examined 
by an a u t h o r i s e d man from t he d r i v i n g l i c e n c e department i n 
M i s u r a t a , n o t by an e x p e r t i n a g r i c u l t u r a l machinery, and 
s p e c i f i c t r a c t o r h a n d l i n g s k i l l s were never t e s t e d . 
A d d i t i o n a l l y , t h e 14 c a n d i d a t e s were s e l e c t e d from those 
who c o u l d a l r e a d y d r i v e c a r s , b u t t h e q u e s t i o n o f whether or 
n o t they were c a n d i d a t e s e t t l e r s never arose. 
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The c a n d i d a t e s e t t l e r s u r g e n t l y need e d u c a t i o n and t r a i n i n g 
t o cope w i t h t h e modern a g r i c u l t u r a l processes designed f o r t h e 
p r o j e c t . Unless t h i s i s g i v e n a l l the problems a s s o c i a t e d w i t h 
t h e p r o j e c t w i l l not d i s a p p e a r . At the h e a r t o f the p r o j e c t 
was the hope o f a f i n a l group o f s k i l l e d c o m m e r c i a l l y v i a b l e 
farmer s e t t l e r s b u t t h e i r t r a i n i n g was never s e r i o u s l y u n d e r t a k e n , 
and t h i s w i l l have t o be r e c t i f i e d i f t h e essence o f the p r o j e c t 
o b j e c t i v e i s ever t o be f u l f i l l e d . 
10) Shortage o f l a b o u r e r s and t e c h n i c i a n s : 
L i b y a depends m a i n l y on Egypt and T u n i s i a f o r i t s l a b o u r 
f o r c e r e q u i r e m e n t s but due t o t h e bad r e l a t i o n s h i p between L i b y a 
and these c o u n t r i e s , t h e E g y p t i a n and T u n i s i a n l a b o u r e r s l e f t 
t h e p r o j e c t . T h i s had very damaging e f f e c t s i n s e v e r a l o t h e r 
a g r i c u l t u r a l development schemes i n L i b y a , as w e l l as i n o t h e r 
s e c t o r s , such as c o n s t r u c t i o n . The same dependance a p p l i e s t o 
t e c h n i c i a n s , e n g i n e e r s , a d m i n i s t r a t o r s e t c . where L i b y a depends 
on t h e above mentioned c o u n t r i e s as w e l l as on Sudan, Morocco, 
S y r i a , Jordan, P a l e s t i n e , and European c o u n t r i e s . The r e c e n t t u r n 
t o a g r e a t e r r e l i a n c e on non-Arab c o u n t r i e s such as P a k i s t a n , 
J u g o s l a v i a , Turkey, U.K., U.S.A., I t a l y , B u l g a r i a and Rumania e t c . 
has c e r t a i n l y i n c r e a s e d c o s t s i n wages and s a l a r i e s as w e l l as 
language problems f o r employees n o t speaking E n g l i s h and A r a b i c . 
O b v i o u s l y i t would be t o the mutual b e n e f i t o f L i b y a , T u n i s i a 
and Egypt i f f r i e n d l y r e l a t i o n s c o u l d be m a i n t a i n e d . 
L i b y a a l s o has t o b u i l d a t e c h n i c i a n s base f o r i t s e l f f o r 
t h e reason mentioned (pp.l07&220) and, most i m p o r t a n t , r e c o g n i s e 
t h i s t h r o u g h t e c h n i c a l t r a i n i n g on a r e g i o n a l b a s i s . 
I 
-234-
11) S o i l : 
Some recommendations f o r i m p r o v i n g s o i l management are 
a p p r o p r i a t e h e r e . 
A - Leaching 
1. S a l t s : 
( i ) S o i l s t u d y , sampling and l e a c h i n g processes i n the 
r e v i s e d t e c h n i c a l s p e c i f i c a t i o n (p!46 ) seems t o be r e a l i s t i c , 
as one s t u d i e s t h e s o i l o f t h i s p r o j e c t i n d e t a i l , and must be 
f o l l o w e d . 
( i i ) Basic t r a i n i n g f o r the c a n d i d a t e s e t t l e r s i n p r o p e r 
l e v e l l i n g and u n d e r s t a n d i n g t h e need f o r t h e c o n t r o l o f s a l i n i t y 
i s e s s e n t i a l . 
( i i i ) Very c l o s e s u p e r v i s i o n o f t h e l e a c h i n g o p e r a t i o n s i s 
r e q u i r e d . 
2. Boron: 
The t o x i c c o n c e n t r a t i o n o f boron (p. 217 ) i s v e r y h i g h on 
at l e a s t h a l f o f the p r o j e c t area and i t s h o u l d be c a r e f u l l y 
m o n i t o r e d by r e g u l a r checks o f s o i l and p l a n t samples. Consider-
a b l e depths o f l e a c h i n g water may be necessary t o reduce t h e 
boron c o n t e n t t o a s a f e v a l u e f o r good p l a n t g r o w t h . 
B - For f u r t h e r r e c l a m a t i o n o f t h e s o i l i n the p r o j e c t : 
( i ) A c i d i f i c a t i o n i s recommended and th u s t h e use o f 
ammonium s u l p h a t e and superphosphate s h o u l d be c o n t i n u e d f o r 
f u r t h e r a c i d i f i c a t i o n , 
f 35) 
( i i ) Replacement o f sodium ^ ^chemical amendments f o r 
replacement of exchangeable sodium would be s o l u b l e c a l c i u m 
s a l t s ( c a l c i u m c h l o r i d e , gypsum) and a c i d or a c i d - f o r m e r s ( s u l p h u r 
s u l p h u r i c a c i d , i r o n s u l p h a t e , aluminium s u l p h a t e , l i m e - s u l p h u r ) . 
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The amount o f gypsum or s u l p h u r which would be needed f o r t h e 
replacement o f i n d i c a t e d amounts o f exchangeable sodium would be 
about 4 t o n s / h a . o f gypsum or 0.8 tons/ha. o f s u l p h u r f o r each 
1 m i l l i e q u i v a l e n t o f exchangeable sodium per 100 g r . o f s o i l a t a 
depth o f 30 cm. 
12) GCMAP C o n t r a c t : 
The improper i r r i g a t i o n and s o i l c u l t i v a t i o n are p a r t l y 
caused by the u n r e a l i s t i c c o n t r a c t between t h e company and Ministry 
of A g r i c u l t u r e . U n t i l t h e end o f 1977 p r o g r e s s i n t h e p r o j e c t 
was j e o p a r d i z e d by the r e l u c t a n c e o f the company t o c a r r y out 
a d d i t i o n a l work w i t h o u t h a v i n g t h e i r b i l l s s e t t l e d f i r s t . 
C o n v ersely, d u r i n g t he r a i n y p e r i o d t h e s i t u a t i o n arose where 
some o f t h e company's work was s u p e r f l u o u s as the r a i n r e p l a c e d 
t h e need f o r i r r i g a t i o n . W i t h t h e i r c o n t r a c t i n mind i t was 
t h e r e f o r e n o t s u r p r i s i n g t h a t t h e company was i n c l i n e d t o c a r r y 
out as much work as p o s s i b l e r e g a r d l e s s o f i t s n e c e s s i t y and 
th e r e s u l t s . 
T h e r e f o r e , i t i s s t r o n g l y recommended t h a t t he company s h o u l d 
have a more r e a l i s t i c c o n t r a c t , i . e . a c o n t r a c t based on t h e 
r e q u i r e m e n t s o f the f i e l d s and not one which o n l y eased t h e work 
o f t h e a d m i n i s t r a t o r s . 
6.4. Problems due t o inadequate and vague p r e p a r a t i o n and 
r e c r u i t m e n t f o r t h e p r o j e c t ' s o b j e c t i v e s approach 
These problems are i l l u s t r a t e d below -
1) A l t h o u g h t h e s i n k - h o l e s phenomenon was e a r l y r e c o g n i s e d 
and mentioned by G i l c h r i s t e t a l , 1961 and i t was recommended 
t o c u l t i v a t e t h e a f f e c t e d areas o n l y w i t h t r e e s or date palms, i t 
was not u n t i l September 1976 t h a t a d e c i s i o n was ta k e n t o c u l t i v a t e 
some o f these s i n k - h o l e areas w i t h date palms i n s t e a d o f f i e l d c r o p s . 
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2) Size o f h o l d i n g : 
F i r s t l y , s t u d y of t h e s o i l i n the p r o j e c t area (see App.B1-B3) 
r e v e a l s t h a t t he s o i l has a c o n s i d e r a b l e s p a t i a l v a r i a b i l i t y i n 
t e x t u r e and s t r u c t u r e . Consequently t h e f e r t i l i t y o f t h e s o i l i s 
v a r i a b l e t h r o u g h o u t the area and g i v e s r i s e t o d i f f e r e n t crop y i e l d s . 
Secondly, t h e c o s t o f t r a n s p o r t o f i n p u t s t o and o u t p u t s from 
t h e a g r i c u l t u r a l system i n c r e a s e s p r o p o r t i o n a l t o the d i s t a n c e from 
t h e c e n t r a l v i l l a g e t o the farm. 
The proposed farms t o be e s t a b l i s h e d i n the scheme are 
about 10 ha. h o l d i n g each, but i f farms o f t h i s s i z e are c r e a t e d t h e n 
s e v e r a l problems w i l l be encountered, i n c l u d i n g inadequate income 
d i s t r i b u t i o n i n the r e g i o n . F u r t h e r m o r e , n o t a l l s e t t l e r s w i l l be 
c o n t e n t w i t h t he d i s t r i b u t i o n o f l a n d . 
As f a r as f e r t i l i t y i s concerned, t h e s e t t l e r s w i l l accept 
10 ha. i n t h e wadis but w i l l be d i s c o n t e n t e d i f t h e y are a l l o c a t e d 
l a n d i n the E a s t e r n area o f t h e p r o j e c t as can be shown i n t h e 
comparison t a b l e below -
Table No. 6.4.1 Comparison between the Wadis and t h e E a s t e r n area 
o f t he p r o j e c t . 
Wadis e.g. Hosha No.17 Area east o f t h e p r o j e c t e.g. 
Hosha No.18 
1. Top s o i l i s t h i c k enough 
t o be c u l t i v a t e d and t h e 
c a l c r e t e l a y e r i s l o c a t e d 
i n t o r e a sonable depth. 
2. No problems o f d r a i n a g e 
and t he ground water t a b l e 
i s n o t c r i t i c a l so f a r . 
3. No s i n k - h o l e p r o b l e m s . 
4. I t i s a l r e a d y r e c l a i m e d 
and under p r o d u c t i o n 
stage and no problem 
o f h i g h s a l i n i t y . 
1. Top s o i l i s t h i n and t h e 
c a l c r e t e l a y e r i s l o c a t e d 
at a c r i t i c a l d e p t h . 
2. Problems o f d r a i n a g e and 
the ground water t a b l e 
i s r i s i n g c o n t i n u o u s l y . 
3. S i n k - h o l e problems. 
4. Problems o f l e a c h i n g and 
r e c l a m a t o r y c u l t i v a t i o n 
due t o h i g h s a l i n i t y . 
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C l e a r l y a farm i n Hosha No.17 i s more p r o d u c t i v e t h a n a 
farm i n Hosha No. 18. 
The same t h i n g i s a p p l i c a b l e i f t h e d i s t a n c e i s concerned 
as shown i n t h e example below: 
Area West e.g. Hosha No.2 median p o i n t i s 2.3 km by road 
from the c e n t r a l v i l l a g e w h i l e area t o the south e.g. Hosha No. 32 
i s 11.5 km; thus i n t h e second case the s e t t l e r w i l l pay more 
f o r t r a n s p o r t i n g i n p u t s and o u t p u t s t h a n the s e t t l e r i n t h e 
f i r s t case; a l s o b o t h s e t t l e r s are l i v i n g i n the c e n t r a l v i l l a g e 
so the s e t t l e r i n t h e second case has t o t r a v e l more d a i l y . 
I n any s e t t l e m e n t p r o j e c t t h e a p p r o p r i a t e s i z e of farm must 
be d e t e r m i n e d a c c o r d i n g to the t y p e o f s o i l and o t h e r f a c t o r s . I n 
o r d e r t o e s t a b l i s h t h e c o r r e c t s i z e o f h o l d i n g s , t r i a l farms i n 
d i f f e r e n t areas of t h e p r o j e c t have t o be e s t a b l i s h e d . The purpose 
o f these farm s t u d i e s i s d u a l -
(a) t o d e t e r m i n e t h e s e t t l e r ' s c a p a c i t y t o r a i s e c a p i t a l , 
(b) t o e s t i m a t e o v e r a l l p r o d u c t i o n income and e x p e n d i t u r e 
t h r o u g h o u t the p r o j e c t . 
The c a p a c i t y t o r a i s e c a p i t a l r e f e r s t o the amount o f money 
t h a t the s e t t l e r can s e t a s i d e each year t o pay f o r p a r t i c i p a t i n g 
or s h a r i n g w i t h o t h e r s e t t l e r s t o e s t a b l i s h s m a l l s c a l e a g r i c u l -
t u r a l i n s t a l l a t i o n s and f o r i n v e s t i n g i n secondary a c t i v i t i e s 
capable o f g e n e r a t i n g s e l f - s u s t a i n e d growth i n the area. The 
p o t e n t i a l f o r r a i s i n g c a p i t a l may be c a l c u l a t e d by d e d u c t i n g t h e 
f o l l o w i n g items from h i s income : 
( i ) Cost o f p r o d u c i n g and m a r k e t i n g h i s p r o d u c t s , taxes and 
perhaps i n t e r e s t on p o s s i b l e l o n g - t e r m l o a n s * o b t a i n e d f o r 
p u r c h a s i n g t h e l a n d and payment f o r i n s t a l l a t i o n o f equipment. 
* No i n t e r e s t on loans i n L i b y a a t p r e s e n t . 
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( i i ) Expenses necessary t o m a i n t a i n t h e ^ f a c i l i t y a t i t s p r e s e n t 
s t a n d a r d of l i v i n g or a t a s t a n d a r d c o m p a t i b l e w i t h the s o c i o -
economic and p o l i t i c a l o b j e c t i v e s pursued. 
T h i s r e q u i r e s assessment o f a l t e r n a t i v e f a r m i n g s t r a t e g i e s 
and the c a l c u l a t i o n of the c o r r e s p o n d i n g income and e x p e n d i t u r e 
budgets of s e t t l e r s . This w i l l p r o v i d e an o b j e c t i v e b a s i s f o r 
d e c i d i n g on t h e a p p r o p r i a t e s i z e of farms. 
E s t i m a t e s f o r the e n t i r e area : w i t h the income and 
e x p e n d i t u r e budgets f o r farms r e p r e s e n t a t i v e o f the d i f f e r e n t 
types of s o i l and w i t h t h e g e n e r a l i n f o r m a t i o n such as s o i l , 
c l i m a t e , market s i t u a t i o n , manpower s i t u a t i o n and c u r r e n t i n v e n t o r y 
of a g r i c u l t u r e equipment... e t c . o v e r a l l e s t i m a t e s can be made f o r 
the p r o j e c t i n o r d e r t o f i n d out how much the p r o j e c t can 
c o n t r i b u t e t o the n a t i o n a l o u t p u t . 
C o n c l u s i o n 
I n any s e t t l e m e n t p r o j e c t -
(1) The f e r t i l i t y of s o i l must be c o n s i d e r e d . 
(2) The d i s t a n c e from t h e farm t o the market must be taken i n t o 
c o n s i d e r a t i o n s i n c e t r a n s p o r t c o s t i n f l u e n c e s c o s t of p r o d u c t i o n 
and m a r k e t i n g f o r s e t t l e r s . 
(3) The above two mentioned items and o t h e r aspects such as 
s t a n d a r d of l i v i n g should t h e r e f o r e be taken i n t o c o n s i d e r a t i o n 
i n d e c i d i n g on the s i z e of farms. I t c o u l d be expected t h a t t h e 
s i z e of farms might be 10 ha. i n some areas w h i l e i n o t h e r s t h e y 
c o u l d be 7 ha. depending upon the type of the s o i l and t h e d i s t a n c e 
from the market. 
(4) I t i s v e r y necessary t o f i n d o u t the number of h e c t a r e s 
which the s e t t l e r and h i s f a m i l y can o p e r a t e i n o r d e r t o f i n d out 
i f ho " " ''j l i r e 1? j o i r ' o r s or n o t . 
-239-
(5) Some c a n d i d a t e s e t t l e r s who are w o r k i n g i n t h e p r o j e c t as 
monthly p a i d l a b o u r e r s a l r e a d y r e a l i z e the n a t u r e of the p r o j e c t ' s 
soils„ Every one a t t e m p t e d not t o work i n areas East or South of 
the p r o j e c t f o r the f o l l o w i n g reasons = 
a. There are more and d i f f i c u l t works t o be performed i n these 
two areas. 
b. They b e l i e v e t h a t i t i s most l i k e l y , i n the f u t u r e , t h e y 
w i l l be a l l o c a t e d the farms on l a n d on which they are now w o r k i n g . 
3 ) P r o j e c t l o c a t i o n : 
A l t h o u g h t h e p r o j e c t l o c a t i o n on t h e highway i s advantageous 
p a r t i c u l a r l y i f t r a n s p o r t and communication e t c . i s concerned, 
d e t a i l e d s i t e c o n s i d e r a t i o n s must i n c l u d e t h e f a c t t h a t t h e highway 
s p l i t s the p r o j e c t i n t o two h a l v e s from N o r t h t o South ( F i g 3 . 5 . 1 ) 
This i s disadvantageous because:-
(1) T h is highway i s v e r y busy w i t h t r a f f i c because i t l i n k s t he 
two l a r g e s t c i t i e s i n L i b y a , T r i p o l i and Benghazi^ and T u n i s i a w i t h 
Egypt. N e v e r t h e l e s s i t w i l l be necessary f o r a g r i c u l t u r a l machinery 
and o t h e r normal p r o j e c t t r a f f i c t o cross t h i s highway. 
(2) The p r o j e c t area i s not a s i m p l e c o n s o l i d a t e d b l o c k , t h a t 
i s t o say t h e r e are s e v e r a l entrances t h r o u g h which anyone or 
a n y t h i n g can get i n t o t h e p r o j e c t ; t h i s has caused s e v e r a l problems 
such as the i n d i g e n o u s animals a t t a c k i n g t h e windbreak s h e l t e r and 
sometimes even c r o p s . The s o l u t i o n was t o a p p o i n t watchmen, another 
c o n s e q u e n t i a l l a b o u r c o s t . 
F u r t h e r m o r e , the f i e l d t e s t t r i a l s c o u l d not be performed 
p r o p e r l y because the crops were o f t e n h a r v e s t e d p r e m a t u r e l y by 
l o c a l s b e f o r e the necessary s t a t i s t i c s were r e c o r d e d . 
(3) The s p a t i a l d i s p e r s a l of the v a r i o u s p r o j e c t areas has t o be 
examined, i n the c o n t e x t o f c e n t r a l i s e d r e s i d e n c e f o r the proposed 
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s e t t l e r s i n the f u t u r e . Of course t h e r e i s no way now of 
a l t e r i n g t h e highway or the p r o j e c t l o c a t i o n , but i n t h e f u t u r e 
such t h i n g s must be c o n s i d e r e d . 
4) The c e n t r a l v i l l a g e l o c a t i o n i n the p r o j e c t : 
The c e n t r a l v i l l a g e i s l o c a t e d i n the e x t e n s i o n o f Hosha 
Nos. 3 and 4 (see F i g . No. 2.1.2) which l i e on prime a r a b l e l a n d . 
I t i s known t h a t t h e r e w i l l be more a g r i c u l t u r a l problems i n t h e 
area East o f the p r o j e c t . S u r e l y i t would have been advantageous 
i f t h e c e n t r a l v i l l a g e l o c a t i o n had been s e l e c t e d i n t h e area East 
of t h e p r o j e c t on the p o o r e s t l a n d ; t he b e t t e r l a n d b e i n g used 
f o r f a r m i n g w i t h no d i f f e r e n c e being experienced as f a r as 
t r a n s p o r t o r d i s t a n c e are concerned. No major c o n s t r u c t i o n 
problems s h o u l d be encountered i n t h i s proposed r e s i t i n g and 
those which are p r e s e n t c o u l d be more e a s i l y d e a l t w i t h i n an 
urban c o n t e x t r a t h e r t h a n a f a r m i n g one. 
5) F i e l d T r i a l s and Y i e l d s : 
A p r e p a r a t i o n of s t a t i s t i c s on crop y i e l d s from t he 
d i f f e r e n t s o i l types was one of WAKUTI's o b l i g a t i o n s d u r i n g t h e 
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c o n t r a c t p e r i o d . J At the time of the a r r i v a l of WAKUTI 
s u p e r v i s o r y team i n Tauorga l i t t l e was known about t he performance 
of crops under l o c a l c o n d i t i o n s . T h e r e f o r e f i e l d t r i a l s were 
recommended f o r a wide v a r i e t y o f crops i n c l u d i n g c a r r o t s , squash, 
o n i o n s , g a r l i c , l e t t u c e , cabbage, sweet c o r n , s p i n a c h , tomatoes, 
e g g p l a n t s , pepper, melons, c a u l i f l o w e r , p a r s l e y , b e e t s , cucumber, 
peas, okra and beans. However, d u r i n g t he summer season o f 1975 
the o n l y recommended p l a n t s t o be grown were tomatoes, melons, 
pepper, egg p l a n t s and cabbage. 
D u r i n g t he summer season o f 1976 f u r t h e r t r i a l s were c a r r i e d 
I out and th e £.o \ l o w i n g crops were grown - watermelon, tomatoes, 
I 
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squash, pepper, cucumber, musk melons, l e t t u c e and o k r a . But 
except i n the case o f water melon and tomatoes, y i e l d c o u l d n o t be 
r e c o r d e d i n e i t h e r o f the two seasons. However, the f o l l o w i n g crops 
were grown and t h e i r y i e l d s were r e c o r d e d - a l f a l f a , b a r l e y , wheat, 
o a t s , maize, sesame and s u n f l o w e r . 
The above mentioned c r o p s , which were grown as f i e l d t r i a l s , 
are not e x a c t l y those which are recommended t o be a p p l i e d as a 
permanent c u l t i v a t i o n p l a n by t h e GAUDRL o f Egypt (Table 5-2.2.1) 
Fu r t h e r m o r e , some o f the crops grown as f i e l d t r i a l s were n o t 
recommended a t a l l i n the permanent p l a n . 
6) Crop p r o t e c t i o n system: 
T h i s i t e m was c o m p l e t e l y missed and was n o t mentioned i n 
the o r i g i n a l t e c h n i c a l s p e c i f i c a t i o n . * No t e c h n i c i a n s were a v a i l a b l e 
and no equipment and chemicals when the f i r s t need o c c u r r e d . On 
22nd J u l y , 1975 aphids were observed i n cabbages i n Hosha No.15^ ' 
and on 9 t h September, 1975 the a l f a l f a a l l over the p r o j e c t was 
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i n f e s t e d by P r o c l e n i a l i t u r a but no measures were t a k e n . v J 
I t i s t r u e t h a t t he p r o j e c t area covers a v i r g i n s o i l b u t 
t h i s does n o t j u s t i f y t h e o m i s s i o n o f crop p r o t e c t i o n because -
(1) The p r o j e c t area i s exposed t o winds which are capable o f 
c a r r y i n g the seeds o f weeds or i n s e c t s from t h e c u l t i v a t e d f i e l d s 
of t h e n e i g h b o u r i n g Tauorga Oasis which are about 15 kms away or 
from Kararim which i s about 18 kms away. I t i s i m p o r t a n t t o c o n s i d e r 
t h a t t h e r e are many i n s e c t s capable of t r a v e l l i n g such d i s t a n c e s 
e.g. grasshopper, c r i c k e t s , l e p i d o p t e r a and c o l e o p t e r a e t c . 
(2) At the same time t h e p o p u l a t i o n o f r o d e n t s w i t h i n t h e 
p r o j e c t i n c r e a s e d t o t h e e x t e n t t h a t t h e i r innumerable h o l e s 
caused s i n k - h o l e s and d e s t r u c t i o n of embankments. 
* I t i s i n t r o d u c e d i n the r e v i s e d t e c h n i c a l s p e c i f i c a t i o n 
(see p. 131 ) . 
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The p r o j e c t area has a l r e a d y been invaded by weeds and 
p a r a s i t e s . The most dangerous ones which are a l r e a d y c a u s i n g 
problems are Bermuda g r a s s , bushes, c l o v e r dodder, reeds and 
r e - g r o w i n g p l a n t s o f p r e v i o u s c r o p s . Again i t i s i m p o r t a n t t o 
c o n s i d e r and p r e p a r e f o r such elements when e s t a b l i s h i n g an 
a g r i c u l t u r a l p r o j e c t . 
7) H y d r o l o g i c a l Catchment area: 
Hosha Nos. 15, 16 and 17 were o r i g i n a l l y p a r t o f Wadi G i l g e l 
and Wadi e l Hauat ( F i g . 2.2.1) i n which t h e f l o w d i r e c t i o n i s 
from west t o e a s t (see p. 57 ) towards the p r o j e c t area. The 
annual p r e c i p i t a t i o n i s about 125 mm and most o f t h i s f a l l s from 
September t o March. 
D e s p i t e t h e known f a c t t h a t maximum r a i n f a l l i n t e n s i t y can 
r e a c h 25 mm/day, no p r o v i s i o n was made t o p r o t e c t t h e p r o j e c t area 
from the e f f e c t s o f heavy r a i n f a l l . Consequently, as a r e s u l t o f 
heavy r a i n f a l l on September 1975 t h e i n l e t o f the p i p e c u l v e r t 
s t r u c t u r e o f s u b - l - d r a i n s No. 7 v,r? damaged. (^0) s ^ e s i 0 p e , 
the b a c k f i l l o f t h e s t r u c t u r e , t o g e t h e r w i t h 250 m of slo p e t o e 
p r o t e c t i o n e t c . were d e s t r o y e d . During November/December 1975 a 
400 m e a r t h dam was c o n s t r u c t e d i n t h e catchment b a s i n t o p r o t e c t 
f 41) 
the p r o j e c t area. v J 
Again such e s s e n t i a l items s h o u l d be c o n s i d e r e d and 
e s t a b l i s h e d when p l a n n i n g any p r o j e c t . 
8) Drainge: 
The d r a i n a g e system i n t h i s p r o j e c t c o n s i s t s o f open d i t c h e s 
over t h e whole area. The f a i l u r e o f t h i s d r a i n a g e system t o o p e r a t e 
p r o p e r l y , w h i c h r e s u l t e d i n a h i g h water t a b l e , s i n k - h o l e s and 
impeding r e c l a m a t i o n i s a t t r i b u t e d p r i m a r i l y t o bad maintenance o f 
those -J/--' -% cr-^.strvct i o n d e f e c t s o f t h e p r i n c i p a l d r a i n s . 
- 243-
However, t h e r e are o t h e r reasons which have a r o l e i n p r e v e n t i n g 
t h e d i t c h e s from f u n c t i o n i n g . The advantages o f u s i n g open d i t c h e s 
are as f o l l o w s : -
1. Open d i t c h e s u s u a l l y have a s m a l l e r i n i t i a l c o s t t h a n 
b u r i e d d r a i n s . 
2. I n s p e c t i o n o f open d i t c h e s i s e a s i e r . 
3. They are s u i t a b l e i n s o i l where b u r i e d d r a i n s are n o t 
recommended. 
4. Open d r a i n s may be used on a v e r y f l a t s u r f a c e where the 
depth o f the o u t l e t i s not adequate t o p e r m i t g r a v i t y f l o w from 
d r a i n s i n s t a l l e d at t h e r e q u i r e d d e p t h and grade. 
f 4 3) 
The disadvantages are:- J 
1. Open d i t c h e s r e q u i r e more f r e q u e n t and c o s t l y maintenance 
tha n b u r i e d d r a i n s . 
2. Open d i t c h e s r e q u i r e c o n s i d e r a b l e r i g h t - o f - w a y zones which 
reduces t h e area o f l a n d a v a i l a b l e f o r o t h e r purposes. 
I n e v a l u a t i n g t he advantages and disadvantages o f d r a i n s 
and d i t c h e s , t h e i r r e l a t i v e c o s t s and ease o f e s t a b l i s h m e n t s h o u l d 
not be t h e o n l y c r i t e r i a c o n s i d e r e d . I n a d d i t i o n , t h e s o i l response 
i n terms o f l e a c h i n g must f i g u r e p r o m i n a n t l y . An o r i g i n a l s t udy 
of Tauorga s o i l showed t h a t t h e p e r m e a b i l i t y o f the lo e s s and i t s 
s u b s o i l i s v e r y h i g h ^ ^ and s i n c e moreover such s a l t s as are 
concerned being e a s i l y s o l u b l e can e a s i l y be leached. The s o i l 
t e x t u r e a n a l y s i s ( App - B3 ) shows t h a t t h e s o i l c o n t a i n s 
s i l t and c l a y , and i t c o u l d be t h a t these p a r t i c l e s have b l o c k e d 
t h e lower l a y e r (marl l a y e r ) . T h i s , c o u p l e d w i t h t h e f a c t t h a t 
the water t a b l e i s c o n t i n u o u s l y r i s i n g means t h a t t h e dra i n a g e 
system adopted f o r t h e p r o j e c t s h o u l d i n c l u d e a c o m b i n a t i o n o f 
open and b u r i e d d i t c h e s . The f i e l d and t h e l a t e r a l d r a i n s must be 
7 
a> 
CO 
a> 
LU 
CO 1 ;4'**-M S | 9 A D J 9 , ••9"* » ^ A « > B o o, LU 
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c o n v e r t e d i n t o b u r i e d d i t c h e s , and perhaps a d d i t i o n a l b u r i e d ones 
w i t h i n t h e f i e l d s t h e mselves, w h i l e t h e r e s t c o u l d s t a y open 
a f t e r c o n s i d e r a t i o n o f t h e i r i n c l i n a t i o n . F i g . No. 6.4.1 shows 
th e t y p e o f the proposed b u r i e d p i p e . By t h i s method, h o p e f u l l y , 
the b u r i e d p i p e s w i l l lower t h e ground water t a b l e and c o n s e q u e n t l y 
t h e r e s a l i n a t i o n and s i n k - h o l e problems w i l l be reduced. 
F u r t h e r m o r e , e x t r a l a n d w i l l be saved f o r o t h e r purposes 
w h i l e t h e s i z e o f t h e p l o t s w i l l be i n c r e a s e d thus making i t 
e a s i e r f o r a g r i c u l t u r a l machinery t o o p e r a t e . 
Tauorga Springs D i s c h a r g e : 
The p r o j e c t area depends on Tauorga s p r i n g s f o r i r r i g a t i o n 
w a t e r but t h e i r d i s c h a r g e f l u c t u a t e s (see F i g . No. 6.4.2) These 
f l u c t u a t i o n s appear t o have been caused by an i n c r e a s e i n w a t e r 
e x t r a c t i o n from the w e l l s d r i l l e d near the s p r i n g s i n r e c e n t y e a r s , 
but t h e g e n e r a l q u e s t i o n of c o n t r o l o f water e x t r a c t i o n and 
c o m p e t i t i o n between w e l l s and s p r i n g s must be d i s c u s s e d . 
The permanent c u l t i v a t i o n p l a n which was recommended by 
GAUDRL i s based on a s p r i n g s d i s c h a r g e o f 3.02 M~/sec, t a k i n g i n t o 
account t h e needs o f t h e i n h a b i t a n t s and the e x p e r i m e n t a l farm 
r e q u i r e m e n t s (see p. 6 4 ) . Measurements c a r r i e d out between 1970 
and 1977 show d i s c h a r g e s l e s s than 2.02 cu.m/sec a p a r t from 
measurement No. 7 which can be d i s r e g a r d e d because i t was 
e x c e p t i o n a l . These f l u c t u a t i o n s c o n f i r m t h e e x p e r i e n c e o f o t h e r 
M i n i s t r y o f A g r i c u l t u r e and A g r a r i a n Reform p r o j e c t s . The Regional 
approach c a l l e d " M i s u r a t a farm development scheme" comprises t h e 
f o l l o w i n g stages : 
1st Stage: I n t e g r a t i o n Development o f t h e p r e s e n t farms as 
shown i n Table No. 6.4.2 f o l l o w i n g C.45) 
oas / UU HQ 
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Region 
Area 
h e c t a r e 
No. o f 
farms 
Size o f 
each 
farm 
I r r i g -
a t e d 
U n i r r i g -
a t e d 
D a f n i a 9505 318 30 7 23 
Tammina 4600 370 12 8 4 
Kararim 1200 98 12 5 7 
T o t a l 15305 786 
2nd Stage: Reclamation and development of 6920 h e c t a r e s i n the 
above mentioned r e g i o n s , t o be d i v i d e d i n t o 358 farms as shown 
i n Table No. 6.4.3 below (46) 
Region Area No. of farms 
D a f n i a 4100 137 
\ 
Tammina 2600 203 
i 2820 
Kararim 220 18 \ 
The p r o j e c t was i n i t i a t e d on 15th February 1973 by t h e 
Libyan General Company f o r l a n d Reform under the Y u g o s l a v i a n -
(47) 
H y d r o p r o j e c t Company. The i m p l e m e n t a t i o n of the p r o j e c t 
n e c e s s i t a t e d t h e d r i l l i n g o f 99 bore h o l e s i n the t h r e e r e g i o n s 
and the c o n s t r u c t i o n of 45 water r e s e r v o i r s . Here the q u e s t i o n 
o f c o m p e t i t i o n o f those bore holes w i t h the s p r i n g s arose. 
I t was mentioned c l e a r l y t h a t a s t u d y i s b e i n g c a r r i e d out 
i n o r d e r t o e s t a b l i s h the r e l a t i o n s h i p between the Tauorga s p r i n g s 
and the bore h o l e s w h i c h w i l l i r r i g a t e t h e 2820 h e c t a r e s i n 
Tammina and Kararim (-49') shown i n Table No. 6.4.3. I t i s a l s o 
mentioned c l e a r l y t h a t the volume of work a l r e a d y executed i s 60% 
i n the 1st stage and 50% i n the 2nd stage. (50) 
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The a t t a c h e d f i g u r e and the data on which the M i s u r a t a 
farm development scheme s t a r t e d , prove t h a t t h e r e i s c o m p e t i t i o n 
between t h e Tauorga s p r i n g s and t h e d r i l l e d bore h o l e s . 
Since t h e r e i s doubt about t h e r e l a t i o n s h i p between t h e 
Tauorga s p r i n g s and t h e n e i g h b o u r i n g areas t h e n i t i s q u e s t i o n a b l e 
why the 2nd phase of t h e M i s u r a t a farm development scheme, which i s 
a l r e a d y 50% o p e r a t i o n a l , should have been i n i t i a t e d . T h i s q u e s t i o n 
i s l e f t f o r the L i b y a n government t o d e a l w i t h . E i t h e r t h e 2nd 
phase o f M i s u r a t a farm development scheme has t o be stopped i n 
o r d e r t o save t h e water f o r the Tauorga p r o j e c t , or perhaps t h e 
c r o p p i n g p a t t e r n i n b o t h p r o j e c t s can be a l t e r e d t o c o n c e n t r a t e on 
crops which r e q u i r e l e s s q u a n t i t i e s of w a t e r . The l a t t e r i s n o t 
expected t o be e f f e c t i v e . The most i m p o r t a n t f a c t o r which l i m i t s 
the a g r i c u l t u r a l development i n L i b y a i s the a v a i l a b i l i t y o f 
w a t e r . Thus i t i s v e r y i m p o r t a n t t h a t b e f o r e t a k i n g a d e c i s i o n f o r 
c o n s t r u c t i n g an a g r i c u l t u r a l p r o j e c t t h a t complete knowledge o f 
t h e h y d r o l o g i c a l and the g e o l o g i c a l s i t u a t i o n o f the area i s known. 
6.5 C l a s s i f i c a t i o n o f t h e problems 
When c o n s i d e r i n g the problems i d e n t i f i e d under 6.1 - 6.4 
one can a r r i v e a t the c o n c l u s i o n t h a t t h e r e are t h r e e b a s i c types 
o f problem which can be i d e n t i f i e d i n r e l a t i o n t o development 
p r o j e c t s -
1. Standard ( u n i v e r s a l ) problems which appear, f o r example, i n 
any i r r i g a t i o n a g r i c u l t u r a l p r o j e c t a l l over the w o r l d e.g. 
(a) S a l i n i t y i s a f a c t as w e l l as a problem. S a l i n i t y can 
s e r i o u s l y damage the e n t i r e crop or h i n d e r growing or reduce 
q u a n t i t y and q u a l i t y o f the p r o d u c t s . S a l i n i t y has a p o t e n t i a l l y 
n e g a t i v e a c t i o n i n any i r r i g a t i o n - b a s e d a g r i c u l t u r a l p r o j e c t . 
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(b) High water t a b l e : s o i l s d e r i v e d under c o n d i t i o n s which 
r e q u i r e i r r i g a t i o n f o r c u l t i v a t i o n w i l l need t o be leached by t h e 
a p p l i c a t i o n o f some q u a n t i t y of water over and above p l a n t 
r e q u i r e m e n t . This q u a n t i t y o f a p p l i e d w a t er i s v e r y c r i t i c a l 
because i t i s bound t o a l t e r the n a t u r a l water t a b l e and t h i s , i n 
t u r n , r e q u i r e s exact c o n t r o l i f p l a n t g r o w t h i s not t o be i n h i b i t e d . 
2. Problems a s s o c i a t e d w i t h LDC's - such problems r e s u l t from 
shortage and l a c k o f e x p e r i e n c e i n s e v e r a l key a s p e c t s , such as 
g e n e r a l p l a n n i n g > c o n s t r u c t i o n , management and t e c h n o l o g i c a l s k i l l , 
and s h o r t a g e o f r e a s o n a b l y s k i l l e d l a b o u r . I n p r a c t i c e we f i n d , 
f o r example : 
(a) c o n s t r u c t i o n d e f e c t s i . e . s e v e r a l d e f e c t s mentioned under 
6.2 - A such d e f e c t s would be l e s s l i k e l y t o happen i f t h i s 
p r o j e c t was c o n s t r u c t e d i n a developed c o u n t r y because t h e r e 
would be a g r e a t e r c a p a b i l i t y i n r e s p o n s i b l e a u t h o r i t i e s and 
agencies c o n s t r u c t i v e l y t o c r i t i c i s e d e s i g n , 
(b) management: p r o j e c t management i s a science w h i c h d e a l s 
w i t h t h e o r g a n i z a t i o n and o p e r a t i o n o f the p r o j e c t i n a manner 
which would secure a h i g h p r o b a b i l i t y of success. U n s t a b l e 
management, l a c k o f e x p e r i e n c e and poor a b i l i t y o f f o r m u l a t i o n of 
f u t u r e e x p e c t a t i o n s are g e n e r a l l y c h a r a c t e r i s t i c o f L.D.S's. 
Such problems may n o t appear as o f t e n i n developed c o u n t r i e s 
because most managements have enough e x p e r i e n c e , can a p p l y mature 
judgment, are a b l e t o f o r m u l a t e the necessary i m p l e m e n t a t i o n 
a c t i o n s , and take s o p h i s t i c a t e d d e c i s i o n s about l e v e l and 
c o m b i n a t i o n o f p r o d u c t s t o be produced i n the f u t u r e . 
(c) T e c h n i c i a n s and l a b o u r e r s : However much i m p o r t a t i o n o f 
c o n s t r u c t i o n and management e x p e r t i s e i s p o s s i b l e , t h e l a c k o f 
e x p e r i e n c e d t e c h n i c i a n s and l a b o u r e r s who i n the end c a r r y out 
- 248-
a l l t h e o p e r a t i o n s leads t o losses and d e l a y i n p e r f o r m i n g t he 
a g r i c u l t u r a l processes and e v e n t u a l l y l e a d , p o s s i b l y , t o the 
f a i l u r e o f the p r o j e c t . 
3. S p e c i f i c l o c a l environment a s s o c i a t e d problems, e.g. 
R e - s a l i n a t i o n due t o c o m p a r a t i v e l y h i g h t e m p e r a t u r e and 
e v a p o r a t i o n g r e a t l y i n excess o f p r e c i p i t a t i o n . I n a r i d and semi-
a r i d r e g i o n s r e - s a l i n a t i o n w i t h i n p l a n t r o o t zones w i l l take 
p l a c e more q u i c k l y than i n more humid r e g i o n s . 
G h i b l i , a h o t d r y d e s e r t wind from s o u t h - e a s t t o south-west 
w i t h f i n e d e s e r t d u s t (see p. 49 ) causes r e - f i l l i n g o f d r a i n s 
and w i l t i n g o f l o n g stemmed c r o p s . 
The water q u a l i t y i. e . 2.4 mmhos/cm c o n d u c t i v i t y a t 25°c 
r e s t r i c t e d the range o f v a l u a b l e crops which would be c u l t i v a t e d . 
S c h e m a t i c a l l y , we can i l l u s t r a t e t h i s t h r e e - f o l d 
c l a s s i f i c a t i o n , as i n Table 6.5.1, where we d i s t i n g u i s h t h r e e 
d i f f e r e n t n a t i o n a l c o n t e x t s f o r p r o j e c t s and key i n p u t s . 
Table No. 6.5.1 
Item L i b y a I n d i a 
i 
England 
1. P l a n n i n g , 
d e s i g n and 
know how. 
Have t o be 
i m p o r t e d from 
abroad. 
Need some h e l p 
from abroad 
A v a i l a b l e 
2. C o n s t r u c t i o n D e f e c t i v e O c c a s i o n a l l y 
d e f e c t i v e 
Very seldom 
d e f e c t i v e . 
3. C a p i t a l Extens i v e l y 
a v a i l a b l e 
S c a r c i t y Minor problem 
4. Management L i t t l e exper-
ience 
Experienced t o 
an e x t e n t 
H i g h l y 
e x o e r i e n c e d 
5. T e c h n o l o g i s t s Short i n sup-
p l y , i n e x p e r -
ienced 
Abundant,but 
l a c k i n g i n 
ex p e r i e n c e 
A v a i l a b l e and 
w e l l exper-
ienced 
6. Labourers I n e x p e r i e n c e d i i i i .ii it 
-249-
6.6 Governmental a c t i o n t o c o u n t e r a c t the d e t e r i o r a t i o n i n 
p r o j e c t i m p l e m e n t a t i o n ~~ 
Dur i n g 1974/75 th e L i byan government n o t i c e d the poor p r o g r e s s 
o f the p r o j e c t and r e a l i z e d t h a t c o r r e c t i v e p l a n s were needed i n 
o r d e r t o rescue the p r o j e c t from t o t a l c o l l a p s e and t o d i r e c t the 
p r o j e c t once more towards i t s i n i t i a l g o a l s , w h i l e a p p a r e n t l y 
t h e s i t u a t i o n c o u l d s t i l l be c o n t r o l l e d . Thus t h e government 
recommended the f o l l o w i n g t o be c a r r i e d o u t : -
A. E v a l u a t i o n o f the GCMAP performance. 
B E v a l u a t i o n o f the p r e s e n t and f u t u r e a g r i c u l t u r a l p o t e n t i a l 
o f t h e p r o j e c t . 
Under a M i n i s t e r i a l Act No. 399 f o r 1975 by the M i n i s t e r o f 
A g r i c u l t u r e and A g r a r i a n Reform a committee was formed 
under the c h a i r m a n s h i p o f the P r e s i d e n t o f the Board o f D i r e c t o r s 
o f the A g r i c u l t u r e Centre t o d e a l w i t h A and B above. 
(52) 
A. Committee f o r e v a l u a t i n g the performance o f the GCMAP 
Between December 1975 and May 1976 s e v e r a l meetings were 
h e l d i n T r i p o l i and Tauorga p r o j e c t i n o r d e r t o i n v e s t i g a t e the 
performance o f the GCMAP and t o r e p o r t back. 
The committee f o r e v a l u a t i n g the a c t i v i t i e s o f the GCMAP 
found t h a t the company d i d not achieve the r e q u i r e d p r o g r e s s . On 
the c o n t r a r y , a t t h a t t i m e i t had been found t h a t f o r example, 
and most s e r i o u s l y , i n s t e a d o f d e c r e a s i n g the l e v e l s o f s o i l s a l i n i t y 
i n the process o f l a n d p r e p a r a t i o n , about h a l f o f the f i e l d s 
e x p e r i e n c e d i n c r e a s e s as measured by e l e c t r i c a l c o n d u c t i v i t y 
(see a l s o 6.2) Based on these f i n d i n g s i t was de c i d e d t o a l l o w 
the company a l i m i t e d p e r i o d f o r improvement o f i t s performance. 
The employment o f a new managing team r e s u l t e d i n some improvement 
but at. the meeting o f 22nd February 1976 i t was found t h a t the 
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company was s t i l l n o t a b l e t o f u l f i l i t s o b l i g a t i o n s and t h e y 
were asked t o l o o k f o r t e c h n i c a l s u p p o r t elsewhere. By 10 May, 
1976, the d e c i s i o n was t a k e n , on the b a s i s o f f u r t h e r improvement, 
t o l e t the company c o n t i n u e i n t h e p r o j e c t . 
B. E v a l u a t i o n o f p r e s e n t and f u t u r e o f t h e A g r i c u l t u r a l P o t e n t i a l 
of t h e P r o j e c t 
f 53) 
On 23 November,1975 } ^ J the committee met i n T r i p o l i i n 
o r d e r t o d i s c u s s the p r e s e n t and f u t u r e agronomy, management, 
economy o f the p r o j e c t and t h e performance of t h e l a b o r a t o r y . 
This took p l a c e a f t e r a study of a l l a v a i l a b l e documents, s i t e 
v i s i t s and s i t e c o n s u l t a t i o n s . The committee reached the 
f o l l o w i n g c o n c l u s i o n s -
I n the o p i n i o n of a number of members o f t h i s committee, 
t h e r e s h o u l d be some m o d i f i c a t i o n s i n c e : 
a. S o i l , i n g e n e r a l , and on r e c l a m a t i o n l a n d i n p a r t i c u l a r , had 
l a r g e i n h e r e n t h e t e r o g e n e i t y i . e . b i g v a r i a t i o n s i n i t s p r o p e r t i e s . 
For t h i s reason f u r t h e r s t u d y , sampling and a n a l y s i s o f s o i l and 
and r e c l a m a t o r y c u l t i v a t i o n i n the p r o j e c t had t o be f u r t h e r 
m o d i f i e d i n ways s u i t a b l e t o ground c o n d i t i o n s . 
b. A c t u a l f i g u r e s f o r e x t r a c t e d water d i s c h a r g e v a r i e d 
3 
between 5 and 1.9 m /sec. (see pp.63-64). A c c o r d i n g l y t h i s 
c a s t some doubts about the f i n a l s i z e o f the p r o j e c t ' s i r r i g a b l e 
area. F u r t h e r , t h e r e was some d i f f e r e n c e o f o p i n i o n about a 
c o n n e c t i o n e x i s t i n g between water sources o f t h e s p r i n g and o f 
o t h e r sources i n the area. ^54-' I f , as seems h i g h l y p r o b a b l e 
t h a t JEFLT's statem e n t t h a t t h e r e i s such a l i n k a g e then o t h e r 
r e g i o n a l p r o j e c t s w i l l draw on the same water r e s o u r c e s as 
does Tauorga and t h i s w i l l a f f e c t a g r i c u l t u r a l u t i l i z a t i o n . 
c. Many problems o f i r r i g a t i o n and d r a i n a g e (see pp.212-218) 
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are n o t unusual i n c a n a l systems b u t t h e maintenance problem 
must r e c e i v e c o n t i n u a l a t t e n t i o n . 
d. The c h o i c e o f crops and c r o p p i n g p a t t e r n depends n o t o n l y 
on l o c a l p o t e n t i a l b u t a l s o on t h e n a t u r e o f i t s p r o d u c t i o n and 
economic framework. Now a number of new p o s s i b i l i t i e s o f c r o p p i n g 
systems were p r e p a r e d and s u b m i t t e d by some committee members. 
The a u t h o r s p r e s e n t e d f o u r d i f f e r e n t f a r m i n g types d e s i g n a t e d as 
v a r i a n t s A,B, C and D. Each v a r i a n t was d e s c r i b e d i n d e t a i l 
i n c l u d i n g p r o p o r t i o n o f area under d i f f e r e n t c r o p , c a l c u l a t i o n 
o f r e q u i r e d l a b o u r , w o r k i n g days, p r i c e , n u t r i e n t s , expected 
p r o d u c t i o n , h erd s t r u c t u r e s e t c . They c o u l d be summarised as 
f o l l o w s : - ( 5 5 ) 
A. - D i s t r i b u t e d t o farmers v a r i a n t A : Land S e t t l e m e n t Scheme -
P r o j e c t d i v i d e d i n t o 10 ha. farms f o r s e t t l e r s w i t h c r o p p i n g 
systems t o be l a t e r d e c i d e d . 
B. » C e n t r a l i s e d farm p r o d u c t i o n u n i t Fodder p r o d u c t i o n , v a r i a n t , 
B : Fodder p r o d u c t i o n f o r s a l e . P r o j e c t l a n d t o be under f o d d e r 
c r o p s , crop p r o d u c t i o n f o r e x t e r n a l s a l e . Suggested crops -
a l f a l f a (500 h a . ) , sorghum and soya bean (500 ha.) broad beans 
(500 ha.) and b a r l e y (500 h a . ) . Here, however, t h e s t a t u s o f t h e 
workers was l e f t open. 
L i v e s t o c k / f o d d e r p r o d u c t i o n ( v a r i a n t C : A g r o - i n d u s t r i a l 
u n i t , h a l f under f o d d e r f o r m i l k and meat p r o d u c t i o n and h a l f 
under f o d d e r f o r s a l e . A l l p r o j e c t l a n d t o be devoted t o f o d d e r 
p r o d u c t i o n and l i v e s t o c k w i t h h a l f of produced f o d d e r f o r s e l l i n g . 
L i v e s t o c k e n t e r p r i s e ( v a r i a n t D : a g r o - i n d u s t r i a l i n t e g r a t e d 
u n i t f o r m i l k , meat and b r e e d i n g h e i f e r s ) . A l l p r o j e c t l a n d t o 
be f o r l i v e s t o c k . Each o f v a r i a n t s B, C, and D i s managed 
as one u n i t . 
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Of these f o u r d i f f e r e n t and new p r o p o s a l s t h e r e were t h r e e , 
B,C and D which t o t a l l y change the p r o j e c t ' s key o b j e c t i v e o f 
c r e a t i n g 300 newly s e t t l e d f a r m i n g households. Moreover, B,C and D 
a l s o were based on unproven assumptions r e g a r d i n g t e c h n i c a l and 
o r g a n i z a t i o n a l c a p a b i l i t i e s . 
On the o t h e r hand some members r e f e r r e d t o a 197 5 WAKUTI 
r e p o r t on a l t e r n a t i v e types o f farm system, a l l on t h e b a s i s 
o f d i s t r i b u t e d s m a l l l a n d h o l d i n g s , and which can be summarised 
as f o l l o w s : 
(1) I n t e n s i v e - based on v e g e t a b l e p r o d u c t i o n . 
(2) Mixed - based on crop and l i v e s t o c k husbandry. 
(3) E x t e n s i v e - based on f o r a g e and f o d d e r crops and sheep 
husbandry. 
However,the r e p o r t mentioned t h a t these types s h o u l d be 
e s t a b l i s h e d on e x p e r i m e n t a l bases i n o r d e r t o assess t h e i r 
s u i t a b i l i t y . The s i z e o f farm and n a t u r e o f f a r m i n g s h o u l d be 
dec i d e d upon i n the l i g h t o f e x p e r i e n c e . 
Nowhere, however, was e s t a b l i s h e d t he b a s i s on which any 
f i n a l d e c i s i o n was t o be tak e n i . e . on t h e n a t i o n a l or r e g i o n a l 
need f o r the p r o d u c t s , on t h e human c a p a b i l i t i e s a v a i l a b l e or on 
e c o l o g i c a l l a n d p o t e n t i a l . 
S p e c i a l a t t e n t i o n was p a i d t o the b e s t method f o r management 
f 57) 
o f t he p r o j e c t , and whether t o c o n t i n u e under government 
o p e r a t i o n or d i s t r i b u t e what l a n d was ready t o the f a r m e r s . I t 
was decided unanimously t h a t l a n d was n o t ready f o r d i s t r i b u t i o n 
and, even at the end o f r e c l a m a t i o n c o n t r a c t ( A p r i l 1977) i t 
c o u l d n o t be c o n s i d e r e d ready, and t h e r e f o r e a n o t h e r l a t e r 
e v a l u a t i o n would be necessary. I t was r e c o g n i s e d t h a t l a n d 
r e c l a m a t i o n p r o j e c t s o f t h i s n a t u r e u s u a l l y undergo a t l e a s t 
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2 years t e s t - p e r i o d a f t e r c o m p l e t i o n and t h e r e f o r e f u r t h e r t i m e 
would be necessary b e f o r e t h i n k i n g o f l a n d d i s t r i b u t i o n t o farmers 
as planned, Furthermore l a b o u r e r s w o r k i n g i n the p r o j e c t would 
need more t r a i n i n g . T h e r e f o r e the t i m e s c a l e f o r the p r o j e c t i s 
extended t o a l e n g t h o f time d u r i n g which some o f the v a r i a b l e s 
s t u d i e d a t r econnaissance survey l e v e l w i l l have changed 
c o n s i d e r a b l y , something a l s o c o n s i d e r e d i n Chapter 7. 
6,7 An e v a l u a t i o n o f p r o p o s a l s c o n s i d e r e d i n 6.6 
F i r s t , i t must be s a i d t h a t e v a l u a t i n g the performance o f 
GCMAP was n o t c a r r i e d o u t i n any fundamental way. Thus t o t a k e 
a d e c i s i o n whether or not t o l e t the company c o n t i n u e s o l e l y on 
the b a s i s o f s l i g h t improvement i n l e a c h i n g work was not enough. 
The a b i l i t y o f the company t o implement t h e p r o j e c t s a c c o r d i n g t o 
p l a n as a whole s h o u l d have been i n v e s t i g a t e d , c o v e r i n g aspects 
such as management, s t r u c t u r e , number o f p e r s o n n e l i n v o l v e d and 
t h e i r q u a l i f i c a t i o n s , t e c h n i c i a n s , l a b o u r e r s and machinery number 
and q u a l i t y e t c . and f u l f i l m e n t o f c o n t r a c t . 
Secondly was the m a t t e r o f the e v a l u a t i o n of the p r e s e n t 
and f u t u r e s t a t e o f the a g r i c u l t u r a l p o t e n t i a l o f the p r o j e c t . The 
proposed measures can be c l a s s i f i e d as f o l l o w s -
( i ) C u r a t i v e s o l u t i o n i . e . changing t h e t e c h n i c a l s p e c i f i c a t i o n , 
s o i l sampling and a n a l y s i n g e t c . 
( i i ) P r e v e n t i v e s o l u t i o n i . e . d r a i n a g e system and i r r i g a t i o n 
system, 
( i i i ) Steps f o r t h e f u t u r e i . e . s p r i n g s water d i s c h a r g e , f l u c t u a t i o n 
c o n t r o l and s o c i o - e c o n o m i c a l aspects i . e . p r o d u c t i o n , 
t r a i n i n g , l a b o u r e r s e t c . 
U n f o r t u n a t e l y n e i t h e r the c u r a t i v e nor t h e p r e v e n t i v e 
s o l u t i o n s c o u l d b e a p p l i e d because o f the l a c k o f s u i t a b l e p e r s o n n e l 
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t o implement these measures. A p p a r e n t l y t h e l e v e l o f worker 
s k i l l s has been i g n o r e d , a r e g r e t t a b l e o v e r s i g h t i n view o f t h e 
importance o f w e l l q u a l i f i e d workers i n e n g i n e e r i n g p r o j e c t s . 
The i n t r o d u c t i o n o f h i g h t e c h n o l o g y t o the programme, i n the 
absence o f h i g h l y q u a l i f i e d l a b o u r , r e s u l t e d i n low e f f i c i e n c y 
i n t h e use o f e n g i n e e r i n g equipment. T e c h n i c a l i n e f f i c i e n c y has 
not o n l y reduced t he impact o f e n g i n e e r i n g work, but has t h r e a t e n e d 
the economic v i a b i l i t y o f the p r o j e c t , q u i t e a p a r t from t h e o t h e r 
problems o f the p r o j e c t . I n p a r t i c u l a r , o v e r h i g h s a l i n i t y w i l l 
reduce y i e l d s and t h e q u a l i t y o f crop p r o d u c t i o n . 
The low l e v e l o f l a b o u r q u a l i f i c a t i o n s , which l e d t o t h e 
i n e f f i c i e n t deployment o f h i g h t e c h n o l o g y ( p r e c i s e i r r i g a t i o n 
and d r a i n a g e maintenance, s o i l and s o i l / w a t e r management etc.) 
was t h e r e f o r e the c r i t i c a l f a c t o r p r e v e n t i n g t h e r e a l i z a t i o n o f 
the p r o j e c t ' s o b j e c t i v e s . The q u e s t i o n s w h i c h were n o t asked 
but are necessary are (a) s h o u l d h i g h t e c h n o l o g y be r e p l a c e d by 
te c h n o l o g y more a p p r o p r i a t e t o the low s k i l l l e v e l s o f t h e work 
f o r c e o r (b) sh o u l d more a t t e n t i o n be p a i d t o p r o d u c i n g work 
s k i l l s necessary t o make h i g h t e c h n o l o g y work as e f f i c i e n t as 
planned? 
I n g e n e r a l , i t i s v e r y p r o b a b l e t h a t (b) r a t h e r t h a n (a) 
w i l l be chosen because h i g h t e c h n o l o g y a p p l i e d by h i g h l y q u a l i f i e d 
workers w i l l l e a d t o i n c r e a s i n g crop p r o d u c t i o n ( b o t h i n terms 
of q u a l i t y and q u a n t i t y ) . This i s t h e d e s i r e d aim o f a l l LDC's 
i n o r d e r t o f u l f i l t h e i r own consumption r e q u i r e m e n t s . Crop 
p r o d u c t i o n must i n c r e a s e i n p r o p o r t i o n t o i n c r e a s e s i n p o p u l a t i o n . 
I n case of e x c e p t i o n a l i n c r e a s e s i n p r o d u c t i v i t y , crop e x p o r t 
may be p o s s i b l e and food p r o d u c t s may compete on t h e a g r i c u l t u r a l 
commodity market. Furthermore t h r o u g h h i g h t e c h n o l o g y a p p l i e d by 
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h i g h l y q u a l i f i e d w o r k e r s , i t i s p o s s i b l e t o achieve t h e go a l s 
o f government a g r i c u l t u r a l p l a n n i n g p o l i c y more r a p i d l y and more 
e f f e c t i v e l y t h a n i f low t e c h n o l o g y were a p p l i e d by u n q u a l i f i e d 
w orkers. 
Co n s t r a i n t s such as t h e ti m e a v a i l a b l e t o i m p l e m e n t a t i o n 
programmes however make t h i s c h o i c e d i f f i c u l t t o e f f e c t s i n c e 
i t t akes c o n s i d e r a b l e time t o t r a i n an u n q u a l i f i e d work f o r c e 
t o a s u i t a b l e l e v e l , where t h e gap between worker q u a l i f i c a t i o n s 
and t he t e c h n o l o g i c a l l e v e l o f t h e p r o j e c t i s the prime f a c t o r 
hampering an a g r i c u l t u r a l p r o j e c t . Also c a p i t a l and f i n a n c i a l 
i n v e s t m e n t i s necessary t o renew machinery, and o t h e r equipment 
t o improve t h e range o f seeds and f e r t i l i z e r s e t c . , t o buy spare 
p a r t s and t o b u i l d i n f r a s t r u c t u r e and housing s t o c k s u i t a b l e f o r 
q u a l i f i e d t e c h n i c i a n s . 
The s i t u a t i o n w i t h i n t h e p r o j e c t under q u e s t i o n i s one 
where c a p i t a l and inv e s t m e n t sources are abundant, n a t i o n a l 
l a b o u r e r s are scarce and t e c h n i c i a n s are n o t s u f f i c i e n t l y h i g h l y 
s k i l l e d . European t e c h n i c i a n s w i l l l eave L i b y a as t h e i r c o n t r a c t s 
f i n i s h , and T u n i s i a n and E g y p t i a n immigrant workers and 
t e c h n i c i a n s w i l l l e a v e L i b y a as soon as th e y save enough money 
t o get m a r r i e d o r t o b u i l d a house or buy a car i n t h e i r home 
c o u n t r i e s . For t h i s reason a t t e n t i o n has t o be p a i d t o t r a i n i n g 
o f i n d i g e n o u s people i n s k i l l s necessary t o make h i g h t e c h n o l o g y 
work a t the e f f i c i e n c y l e v e l s planned. T h i s p o l i c y i s s t r o n g l y 
recommended b u t i t a l s o i m p l i e s some type o f p o l i c y t o encourage 
t r a i n e d p e r s o n n e l t o remain i n the p r o j e c t area and not m i g r a t e 
t o urban c e n t r e s . 
Should i t be d i f f i c u l t t o meet t h e renewal and r u n n i n g 
c o s t s o f h i g h t e c h n o l o g y ( n o t a t t h e moment a problem i n L i b y a ) 
and. ?.f ' necessary t o r a i s e s k i l l l e v e l s t o t h e standards 
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d e s i r e d and t o r e t a i n t h ese s k i l l s i n the p r o j e c t i s so g r e a t 
as t o endanger success (and t h i s i s a s e r i o u s p o s s i b i l i t y i n 
Tauorga), then one must b e l a t e d l y r e c o n s i d e r t h e a l t e r n a t i v e 
o p t i o n l i s t e d under (a) : should t he h i g h t e c h n o l o g y approach 
be r e p l a c e d by t e c h n o l o g y more a p p o p r i a t e t o the low s k i l l 
l e v e l s o f the work f o r c e . How c o u l d t h i s be secured? 
F i r s t o f a l l t he l e v e l o f q u a l i f i c a t i o n i n a c o u n t r y or 
r e g i o n has t o be a c c u r a t e l y e s t i m a t e d and a c c o r d i n g t o t h i s 
e s t i m a t i o n plans may be made f o r t y p e , s i z e and volume o f 
machinery and o t h e r equipment r e q u i r e d f o r t h e p r o j e c t . Methods 
of c u l t i v a t i o n , and m a r k e t i n g processes c o u l d be a d j u s t e d 
a p p r o p r i a t e l y . 
Secondly, t h e t i m e s c a l e has t o be reviewed i n terms 
o f t h e o b j e c t i v e s b e i n g sought. A lower even though a p p r o p r i a t e 
l e v e l o f t e c h n o l o g i c a l r e q u i r e m e n t w i l l g i v e d i f f e r e n t r e t u r n s 
over a d i f f e r e n t t i m e p e r i o d than would a h i g h s k i l l and h i g h 
t e c h n o l o g y programme. 
Such an a p p a r e n t l y r e t r o g r a d e s t e p i s not l i k e l y because 
a l l LDC's d e s i r e t o a t t a i n t h e standards o f t h e developed 
c o u n t r i e s and a s s o c i a t e these w i t h h i g h t e c h n o l o g y . N e v e r t h e l e s s 
i t may be n e c e s s a r y , d e s p i t e the disadvantages l i s t e d i n 
Table No. 6.7.1 below : 
Approach Time 
Cost per 
h e c t a r e 
Q u a n t i t y & 
q u a l i t y o f 
p r o d u c t 
I n t e r n a t i o n a l 
m a r k e t i n g com-
p e t i t i o n 
High s k i l l 
& h i g h 
t e c h n o l -
ogy 
y X A or B p o s s i b l e 
Low s k i l l 
l e v e l s & 
appropr i a t e 
i.c-. ' ' ' ' •• . y 1 
y? 
i 
x-? A-? or B-? v . d o u b t f u l 
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Some s p e c i f i c s i t u a t i o n s such as economic and e n v i r o n m e n t a l 
c o n s t r a i n t s may s e v e r e l y l i m i t t h e freedom o f c h o i c e o f a g r i c u l t u r a l 
p o l i c y makers. That i s t o say, t h e r e may be l i t t l e c h o i c e o t h e r 
than t o pursue v e r y s i m p l e s u b s i s t e n c e based a g r i c u l t u r e a l o n g s i d e 
t h e use o f h i g h t e c h n o l o g y . I n t h i s case low s k i l l l e v e l and h i g h 
t e c h n o l o g y have t o be accepted. 
But t h e q u e s t i o n i s how f a r can t h i s be b u i l t i n t o d e v e l -
opment p l a n n i n g f o r t h i s k i n d o f p r o j e c t ? 
Of course w i t h low s k i l l l e v e l + h i g h t e c h n o l o g y t he r e s u l t 
w i l l be lower e f f i c i e n c y but t h i s c o u l d be a c c e p t a b l e i f d e l i b e r a t e l y 
planned. The l e v e l o f r e d u c t i o n i n h y p o t h e t i c a l e f f i c i e n c y t h e n 
has t o be e s t i m a t e d . What l e v e l e.g. 801 or 60%,would c r i t i c a l l y , 
n e g a t i v e l y a f f e c t t h e p r o j e c t from t he p o i n t o f t h e economic r e t u r n s 
and t h e l e v e l o f r e t u r n s t o t h e farmers? I n the l o n g term t h i s 
w i l l a l s o a f f e c t t h e development o f t h e r e g i o n . There are s e v e r a l 
concepts i n v o l v e d here:-
1. Since t h e p r o j e c t i s not f u n c t i o n i n g a t f u l l e f f i c i e n c y t h e 
goal w i l l n o t be secured w i t h i n t h e p e r i o d p l a n n e d ; but might be 
secured i f more time i s p r o v i d e d . 
2. The government has t o decide whether or not t h e r e q u i r e d 
p r o l o n g e d time i s i m p o r t a n t ; i f i t does m a t t e r t h e n : 
3. The government has t o su p p l y f i n a n c i a l s u p p o r t t o h e l p t he 
p r o j e c t achieve i t s g o a l w i t h i n t h e f i x e d t i m e . 
4. A t t e n t i o n s h o u l d s t i l l be p a i d t o produce t he s k i l l s i n the 
l a b o u r f o r c e necessary t o make h i g h t e c h n o l o g y work as e f f i c i e n t l y 
a c c e p t a b l e t o any g i v e n terms o f r e f e r e n c e e.g. the s a v i n g o f i m p o r t s . 
However, as we s h a l l see i n Chapter 7, t h e r e are always some 
l e v e l s o f performance i n some c r i t i c a l areas w h i c h must be achieved 
at a c r i t i c a l l y h i g h e f f i c i e n c y r a t i n g o t h e r w i s e t h e r e may be no 
l i k e l i h o o d o f any a c c e p t a b l e outcome. 
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Conclus i o n 
I n c o n s i d e r i n g the d i f f e r e n c e between t h e o r i g i n a l 
p r o p o s a l s and t h e a c t u a l and h y p o t h e t i c a l i m p l e m e n t a t i o n o f 
t h e second phase - stage 2, we have endeavoured so f a r t o 
i d e n t i f y a l l the r e l e v a n t f a c t o r s and t o i l l u s t r a t e how on a 
m i c r o - s c a l e as w e l l as a t g e n e r a l p r o j e c t l e v e l the problems 
which arose. T h i s i s i m p o r t a n t because i t can be shown t o be 
r e l e v a n t , n ot o n l y t o the s p e c i f i c p o r j e c t under s t u d y , but 
a l s o t o most a g r i c u l t u r a l p r o j e c t s i n LDC's., and t h i s we t a k e 
f u r t h e r i n t h e f o l l o w i n g c h a p t e r s . 
The d e c i s i o n was t a k e n t o b u i l d and c o n s t r u c t t h i s 
s e t t l e m e n t p r o j e c t a c c o r d i n g t o g e n e r a l p o l i c y o b j e c t i v e s which 
were based on the r e s u l t s o f the reconnaissance survey and 
study o f the f i v e key f a c t o r s (Chapter 3) and t h e f o u r main 
headings (Chapter 4 ) . Some o f t h e s e , p a r t i c u l a r l y know-how, 
te c h n o l o g y and t e c h n i c a l a b i l i t y , ( b o t h i n p r o j e c t e s t a b l i s h m e n t 
and i t s farming o p e r a t i o n s ) were -.ot c o n s i d e r e d s u f f i c i e n t l y 
s e r i o u s l y . 
Thus, those shortcomings o f t h e second phase - stage 1 
which appeared, were m a i n l y due t o the i n c o m p l e t e and i n c o r r e c t 
e x e c u t i o n o f t h i s stage (see pp. 209-214). These shortcomings were 
compounded i n the second phase - stage 2; and o t h e r problems 
s p e c i f i c t o i t a l s o arose d u r i n g the e x e c u t i o n o f t h i s stage. 
We a l s o have n o t e d t h a t some problems arose due t o inadequate 
c l a r i t y and w e i g h t i n g o f the p r o j e c t ' s o b j e c t i v e s , e.g. which 
was most i m p o r t a n t , p r o f i t a b l e p r o d u c t i o n , or e f f i c i e n t r e s o u r c e 
e x p l o i t a t i o n , or t h e s e t t l e m e n t o f 300 f a m i l i e s . 
A g r e a t e r range o f t e c h n i c a l problems were encountered 
than c t ^ c c i v c ' o f by the o r i g i n a l survey and many problems 
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proved t o be more acute than i n i t i a l l y e x pected. 
I n t h e f o l l o w i n g c h a p t e r s we w i l l a t t e m p t t o r e v i e w 
f u n d a m e n t a l l y and t y p o l o g i c a l l y what has happened i n Tauorga 
by a p p l y i n g v a r i o u s a n a l y t i c a l methods, and a l s o t o t e s t t h e 
v a l i d i t y o f such a r e v i e w by examining some o t h e r p r o j e c t s 
i n o t h e r c o u n t r i e s . 
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C H A P T E R S E V E N 
I n c h a p t e r 6 the reasons f o r d i s c r e p a n c i e s between p l a n 
and a c t u a l i t y were i n d i v i d u a l l y i d e n t i f i e d and ana l y s e d . I n 
t h i s c h a p t e r an a t t e m p t i s made t o r e v i e w f u n d a m e n t a l l y and i n 
terms o f g e n e r a l p r i n c i p l e what has happened i n t h e Tauorga 
p r o j e c t , f i r s t by a p p l y i n g a type o f c r i t i c a l p a t h a n a l y s i s , 
secondly by a p p l y i n g t h e concept of t h e "law o f t h e minimum" 
and, t h i r d l y , by a p p l y i n g a m a t r i x a n a l y s i s t o the s u i t a b i l i t y 
and interdependence o f the f a c t o r s i n v o l v e d i n th e p r o j e c t 
development, t h u s : 
7.1 Examination by c r i t i c a l p a t h a n a l y s i s o f the planned 
d e s i g n and i m p l e m e n t a t i o n and t h e a c t u a l d e s i g n and implement-
a t i o n i n o r d e r t o i d e n t i f y and i s o l a t e c r i t i c a l p o i n t s o f 
convergence and d i v e r g e n c e i n the f l o w - p a t h s o f o p e r a t i o n i n 
planned and a c t u a l l e a d t i m e . 
7.2 L i e b i g ' s concept o f "Law of the minimum": t he i d e n t i f i c a t i o n 
of these c r i t i c a l l e v e l s o f i n d i v i d u a l i n p u t s and f a c t o r s w h i c h 
i f n o t reached w i l l e i t h e r damage or i n v a l i d a t e the p r o j e c t 
( a s s i s t e d by use o f 7.1 above). 
7.3 M a t r i x a n a l y s i s o f t h e s u i t a b i l i t y and interdependence o f 
the component i n p u t s i n v o l v e d i n the p r o j e c t development. 
7.1 Examination by c r i t i c a l p a t h a n a l y s i s o f the planned 
d e s i g n and i m p l e m e n t a t i o n and the a c t u a l d e s i g n and i m p l e m e n t a t i o n 
i n o r d e r t o i d e n t i f y and i s o l a t e c r i t i c a l needs. 
I n o r d e r t o be a b l e t o c a r r y out a c r i t i c a l p a t h a n a l y s i s 
we have f i r s t t o r e c o g n i s e and i d e n t i f y t h e v a r i o u s main 
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components o f the o p e r a t i o n a l f l o w p a t h s . 
A - Choice o f p r o j e c t o b j e c t i v e s 
1. Statement of o b j e c t i v e s (see p.154) 
2. Methods and i m p l i c a t i o n s o f o b t a i n i n g these 
o b j e c t i v e s (see Chapter 5-2). 
B " Planned d e s i g n and i m p l e m e n t a t i o n and the a c t u a l d e s i g n 
and i m p l e m e n t a t i o n o f the p r o j e c t . 
1. F i r s t phase, study and a n a l y s i s of the p h y s i c a l and t h e 
o t h e r f a c t o r s of p r o d u c t i o n 
planned d e s i g n - u n s p e c i f i e d 
a c t u a l d e s i g n = t h r e e times i n 1960, 1965 and 1970 
2. Second phase 
a - Stage 1, c o n s t r u c t i o n of p r o j e c t works 
planned design - 2 y e a r s , from Nov. 1970 - Nov. 1972 
a c t u a l d e s i g n - more than 3 y e a r s , from Nov. 1970 -
e a r l y 1974 
b - Stage 2, l a n d p r e p a r a t i o n 
planned d e s i g n - 3 years from Nov. 1972 - Nov. 1975 
a c t u a l d e s i g n - ? from e a r l y 1974 - ? 
3. P r o d u c t i o n and m a r k e t i n g ( a l l o c a t i n g o f farms and houses) 
planned d e s i g n - i n November 1975 
a c t u a l d e s i g n - ? 
The p l a n n i n g and a c t u a l p r o g r e s s i o n of i n p u t s and the schedules 
a t t a i n e d i n the development processes are i n d i c a t e d i n F i g . 
No. 7.1.1. These can now be examined by comparing the schedules 
b o t h o f the p l a n and the performance. I t i s obvious from F i g . 7. 
Fig No 7.1.1 Planned and Actual Progression of the Developing Processes 
PHASE ONE 
Stage ' 
PHASE TWO 
I Stage 2 
PHASE THREE 
PLANNED 
Development 
Process 
Irrigation System and 
Mechanical Installation 
Drainage System 
Introduction of the 
Agriculture Coop Societies 
Preparing of Inputs 
for Phase III 
Cleaning and Levelling of 
the Project Area 
Preparing of 
Inputs for 
Phase III 
Educating the Settlers 
and the 
Maintainance Labourers 
Outer wind breaks 
Inner wind breaks 
Central Village 
Production 
Trial 
Test 
\ 
Reclamatory 
Cultivation 
Leaching 
Training Settlers and 
Maintainance Labourer; 
Land and Housing 
*" Allocation 
i A 
Delay 
Not Realised 
ACTUAL 
Development 
Process 
Leaching 
No Land Allocation 
and Partial Allocation 
of Housing 
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t h a t t h e p r o j e c t c o m p l e t i o n has so f a r been del a y e d by more 
than two years and c o n s e q u e n t l y t h e o b j e c t i v e s are not y e t 
a t t a i n e d . Those items which were delayed and those which have 
never been s t a r t e d are e q u a l l y o b v i o u s . These d e l a y s were caused 
by the d i f f i c u l t i e s and problems which f a c e d t h e p r o j e c t d e v e l -
opment processes. The socio-economic aspects o f r e a l t i m e e l a p s e d 
d u r i n g p r o j e c t i m p l e m e n t a t i o n are of the utmost importance i n the 
d e t e r m i n a t i o n o f t h e p r o j e c t ' s f u t u r e and the d i s c r e p a n c i e s between 
planned and a c t u a l schedules themselves have c r i t i c a l consequences. 
The g e n e r a l p l a n l a i d out f o r t h e p r o j e c t i m p l e m e n t a t i o n was 
based on socio-economic and land p o t e n t i a l surveys of the l o c a l , 
r e g i o n a l and n a t i o n a l s i t u a t i o n as e x i s t i n g d u r i n g the 1960s 
(Durham U n i v e r s i t y Survey, August 1960; WAKUTI Survey, S p r i n g 
1965; the E g y p t i a n GAUDRL Survey S p r i n g 1970. Based on these 
s t u d i e s , the E g y p t i a n Boheria Company r e d e s i g n e d the p r o j e c t i n 
1970. The p r o d u c t i o n planned f o r 1975/1976 assumed (as do a l l 
p r o j e c t s ) t h a t socio-economic changes which o c c u r r e d d u r i n g t h e 
p e r i o d between survey and commencement and i t s c o m p l e t i o n would 
n o t i n v a l i d a t e these o b j e c t i v e s . However, any e x t e n s i o n o f 
time elapsed between the f i r s t d e c i s i o n t o develop i n Tauorga and 
p r o j e c t c o m p l e t i o n i s bound t o i n c r e a s e t h e p r o b a b i l i t y t h a t t h e 
c o n t e x t of socio-economic circumstances p r e v a i l i n g would change 
i n u nforeseen and f o r e s e e a b l e ways. 
Since 1960 we can n o t e i n L i b y a , f o r example, changes i n 
r e g i o n a l and n a t i o n a l p l a n n i n g a t t i t u d e s , a new p o l i c y between 
1970 and 1973/74 o f c u t t i n g back on o i l p r o d u c t i o n and t h e r e f o r e 
o f o i l revenues, and, s i n c e 1973/74 the w i n d f a l l of r a p i d l y r i s i n g 
o i l revenues even w i t h some l i m i t a t i o n on p r o d u c t i o n . Changes 
i n revenues o f t h i s k i n d are n e c e s s a r i l y a l s o accompanied by 
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changes i n the a v a i l a b i l i t y o f c a p i t a l , i n t h e market demand 
f o r p r o j e c t p r o d u c t s e t c . The a c t u a l d e l a y i n c o m p l e t i o n o f t h e 
p r o j e c t ' s p r o d u c t i o n phase, by over 2 years a t l e a s t , has i n 
f a c t meant t h a t i n L i b y a i n which t h e Tauorga p r o j e c t w i l l have 
to o p e r a t e , i n t o t a l t i m e elapsed from b e g i n n i n g t o end w i l l have 
changed over some 10 y e a r s . During such a p e r i o d the demand e f f e c t s 
on q u a n t i t y and q u a l i t y o f commodities, p r i c e and e v e n t u a l l y 
s t a n d a r d o f l i v i n g w i l l have changed. Due t o such and o t h e r 
changes i t becomes i n c r e a s i n g l y d i f f i c u l t t o p r e d i c t a s u c c e s s f u l 
s t a r t f o r p r o j e c t p r o d u c t i o n as a whole and throws i n t o doubt t h e 
a b s o l u t e and r e l a t i v e v i a b i l i t y o f the planned i n d i v i d u a l s e t t l e r ' s 
e n t e r p r i s e s . Unless t h i s problem i s r e c o g n i s e d and r e c o n s i d e r e d 
by t he government th e n t he f u t u r e f o r c o m m e r c i a l l y v i a b l e f a r m i n g 
u n i t s seems d o u b t f u l . A t e n year l e a d - t i m e i s n o t something which 
many major p r i v a t e e n t e r p r i s e s would r e g a r d as s a t i s f a c t o r y 
(see a l s o c o n c l u s i o n ) 
(1) C r i t i c a l convergence and di v e r g e n c e p o i n t s i n planned 
and a c t u a l l e a d time 
C r i t i c a l p a t h a n a l y s i s i s e s s e n t i a l l y a t e c h n i q u e o f 
i d e n t i f y i n g t h e f l o w - p a t h s o f o p e r a t i o n s necessary t o achieve a 
p a r t i c u l a r o b j e c t i v e . One can i s o l a t e a s i n g l e main pathway o f 
s e q u e n t i a l o p e r a t i o n b u t a l s o i t i s p o s s i b l e to t h i n k o f such a 
main sequence b e i n g made up, l i k e a rop e , o f v a r i o u s s t r a n d s o f 
sequences. I f we examine a c t i v i t y i n the l a t t e r way we then a l s o 
see t h a t , over t he p e r i o d i n v o l v e d , d i f f e r e n t s e t s o f s t r a n d s 
are i n v o l v e d a t d i f f e r e n t t i m e s . I f we a l s o s e t t h i s c r i t i c a l 
p a t h a n a l y s i s i n r e a l time (planned and/or a c t u a l ) we can i d e n t i f y 
t i m e p e r i o d s or zones a t which any p a r t i c u l a r s e t o f s t r a n d s -
the component s u b s i d i a r y paths o f the main p a t h - must converge 
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to p r o v i d e a base from which another s e t o f o p e r a t i o n s may 
proceed. These p o i n t s of convergence are c r i t i c a l i n t h a t 
w i t h o u t them the f o l l o w i n g sequence, which i n c l u d e s a d i v e r g e n c e 
of another s e t o f component s u b s i d i a r y p a t h s , cannot occur 
a c c o r d i n g t o p l a n . F u r t h e r m o r e , i f convergence w h i l e n o t 
a b s o l u t e l y f a i l i n g i s i n c o m p l e t e or d e l a y e d , then a f o l l o w i n g 
sequence o f o p e r a t i o n s may not c o n t a i n a l l the r e q u i r e d s t r a n d s 
and d i v e r g e n c e may t h e n i t s e l f be i n c o m p l e t e or i n a p p r o p r i a t e . 
This i s i l l u s t r a t e d i n F i g . 7.1.2 i n which the main 
f l o w p a t h o f o p e r a t i o n i s s e p a r a t e d i n t o v a r i o u s s u b s i d i a r y 
s t r a n d s . Each o f these s t r a n d s i s a s s o c i a t e d w i t h one p a r t i c u l a r 
s e t o f i n p u t s and the convergence and d i v e r g e n c e p o i n t s are 
i d e n t i f i e d and c r i t i c a l problems are i n d i c a t e d . 
a. The p l a n - c r i t i c a l convergence p o i n t s 
F i g u r e 7,1.2 shows t h a t once the second p o l i c y d e c i s i o n -
t o c o n s t r u c t the p r o j e c t - was t a k e n , a f t e r Phase I , p r e p a r a t i o n 
of management and the assembla ; , 3 o f s k i l l , l a b o u r , equipment 
and m a t e r i a l had t o be s t a r t e d t o be ready f o r s t a r t i n g con-
s t r u c t i n g the p r o j e c t by November 1970. 
The n e c e s s i t y f o r these i n p u t s t o be on stand-by a t t h i s 
date r e p r e s e n t s the f i r s t convergence p o i n t , X I , o f i n p u t f l o w s 
w i t h o u t which t h e c o n s t r u c t i o n works (Phase I I , F i r s t s t a g e ) 
would be i m p o s s i b l e . 
As c o n s t r u c t i o n of the p r o j e c t i . e . t h e c e n t r a l v i l l a g e , 
i r r i g a t i o n system, d r a i n a g e system e t c . s t a r t e d , o t h e r agency 
i n p u t s such as e l e c t r i c i t y and s o c i a l s e r v i c e s must be s u p p l i e d . 
The p r o j e c t c o n s t r u c t i o n had t o be completed on November 1972, 
s i n c e by t h i s date Phase I I , Second Stage, the l a n d p r e p a r a t i o n 
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i . e . r e c l a m a t o r y i n p u t s such as machinery, seeds, e t c . , t h e 
maintenance l a b o u r e r s and the p o t e n t i a l s e t t l e r s t r a i n i n g and 
new management e t c . must be i n t r o d u c e d . 
T h i s , t h e r e f o r e , r e p r e s e n t s t h e second convergence 
p o i n t X2 s i n c e i f the c o n s t r u c t i o n works were not f i n i s h e d and 
t h e l a n d p r e p a r a t i o n i n p u t s were not ready i t would be i m p o s s i b l e 
t o s t a r t t h e l a n d p r e p a r a t i o n a c t i v i t i e s . 
While l a n d p r e p a r a t i o n (Phase I I , Second Stage) i n c l u d i n g 
l e v e l l i n g , l e a c h i n g , r e c l a m a t o r y c u l t i v a t i o n and p r o d u c t i o n t r i a l 
t e s t s , a l l these r e q u i r i n g s p e c i f i c s e q u e n t i a l p r o c e s s e s , are 
under way, the c e n t r a l agencies i . e . t h e a g r i c u l t u r e c o o p e r a t i v e 
s o c i e t y e t c , and the p r o d u c t i o n i n p u t s must be p r e p a r e d and 
s t a n d i n g by i n o r d e r t o be p a r t i a l l y i n t r o d u c e d and u t i l i z e d b e f o r e 
November 1975 a t which p o i n t the T h i r d Phase - p r o d u c t i o n , 
s h o u l d have s t a r t e d . This i d e n t i f i e s t he t h i r d convergence 
p o i n t X3, w i t h o u t which p r o d u c t i o n t r i a l t e s t i n g cannot 
s t a r t . The l a n d p r e p a r a t i o n had t o be f i n i s h e d on November 
1975 s i n c e a t t h i s date a complete i n t r o d u c t i o n and u t i l i z a t i o n 
o f t h e c e n t r a l agency, p r o d u c t i o n i n p u t s , t r a i n e d s e t t l e r s and 
maintenance l a b o u r e r s w i l l a l l o w t h e s t a r t o f p r o d u c t i o n , 
i n v o l v i n g a l s o l a n d and housing a l l o c a t i o n a t t h i s d a t e . This 
r e p r e s e n t s the f o u r t h convergence p o i n t , X4. 
This was the p l a n ; what happened i n a c t u a l i t y i s 
c o n s i d e r e d below-
b. A c t u a l ° c r i t i c a l convergence p o i n t s 
Indeed a l l r e q u i r e m e n t s f o r c o n s t r u c t i n g the p r o j e c t 
were met by November 1970, and thus t h i s f i r s t convergence p o i n t 
was, i n f a c t , met. U n f o r t u n a t e l y , c o n s t r u c t i o n was n o t completed 
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by November 1972. This appears as t h e f i r s t c r i t i c a l problem Z l , 
b u t , except f o r the c e n t r a l v i l l a g e , c o n s t r u c t i o n was completed 
i n November 1973. However, at t h i s d a t e the s e t t l e r s and the 
maintenance l a b o u r e r s were not even i d e n t i f i e d , housing was not 
ready, r e c l a m a t o r y i n p u t s were n o t o r d e r e d . I n s t e a d , l a b o u r e r s , 
some o f whom i t was l a t e r assumed might become s e t t l e r s , were 
randomly employed as monthly p a i d l a b o u r e r s ; no p r o p e r and e n t i r e 
s o c i a l s e r v i c e s had been e s t a b l i s h e d i n the c e n t r a l v i l l a g e , 
and the machinery i n p u t s , f o r example, f o r l a n d p r e p a r a t i o n , were 
not a v a i l a b l e l e a d i n g t o machinery which was used i n t h e 
c o n s t r u c t i o n b e i n g a l s o used f o r l e v e l l i n g the p r o j e c t area. 
Thus the second convergence p o i n t was n o t met, X2, Consequently 
la n d p r e p a r a t i o n r e q u i r e m e n t s were i n c o m p l e t e l e a d i n g t o improper 
and delayed performance. 
Thus, even by November 1978 n e i t h e r the o r g a n i s a t i o n a l 
i n p u t s e.g. the a g r i c u l t u r e c o o p e r a t i v e s o c i e t y , nor the p h y s i c a l 
p r o d u c t i o n i n p u t s were i n t r o d u c e d . Indeed, they c o u l d n o t have 
been i n t r o d u c e d so long as the l a n d p r e p a r a t i o n was n o t completed. 
Thus the t h i r d convergence p o i n t was n o t met, X3,and a f u r t h e r 
group o f c r i t i c a l problems are i n d i c a t e d . The c e n t r a l v i l l a g e 
was not completed, s e t t l e r s were not i d e n t i f i e d , or t r a i n e d , 
no maintenance t r a i n i n g had been g i v e n t o l a b o u r e r s , and l a n d 
p r e p a r a t i o n had not been completed. There c o u l d be no l a n d or 
housing a l l o c a t i o n and thus the f o u r t h convergence p o i n t c o u l d 
not be met, X4. 
F u r t h e r , t h e necessary s t r a n d components of the Second 
phase, Stage I I was n o t p r e s e n t i . e . t h e r e q u i r e d d i v e r g e n c e 
f o l l o w i n g convergence 12 d i d n o t occur l e a d i n g to t h e appearance 
of c r i t i c a l problems Z2 - Z6. D u r i n g t h i s c r i t i c a l p e r i o d 
t h e r e f o r e i t might be s a i d t h a t the p r o j e c t was out o f c o n t r o l . 
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So f a r we have i d e n t i f i e d a c t u a l and f a i l e d convergence 
p o i n t s , the consequences o f success and f a i l u r e , and i n t e r f a c e s 
between stages and phases w i t h i n t h e development processes o f the 
p r o j e c t as a whole. There are a l s o o t h e r consequences, i n t e r f a c e s 
and convergence p o i n t s w i t h i n each phase or stage. A d d i t i o n a l l y , 
t h e r e w i l l be i n t e r f a c e s and c r i t i c a l convergence p o i n t s i n each 
component o p e r a t i o n , and here main i r r i g a t i o n c a n a l c o n s t r u c t i o n 
w i l l be taken as an example, as shown i n F i g . No. 7.1.3. 
F i g u r e 7.1.3 shows t h a t each component o p e r a t i o n has an 
i n t e r f a c e w i t h o t h e r s and t h e r e w i l l be necessary convergence 
p o i n t s f o r s e t s o f o p e r a t i o n s . 
As soon as t h e survey team has s t a r t e d , e x c a v a t i o n 
equipment must be o r d e r e d t o commence e x c a v a t i o n o f t h e c a n a l . 
As soon as c e r t a i n areas o f s u r v e y i n g and a c e r t a i n amount o f 
e x c a v a t i o n has been completed, l a b o u r e r s , t e c h n i c i a n s , cement 
m i x t u r e , t r u c k and raw m a t e r i a l i . e . cement, sand, g r a v e l must 
be ready and on stand-by a t t h i s p o i n t i n o r d e r t o s t a r t con-
s t r u c t i o n . As e x c a v a t i o n i n c e r t a i n areas i s completed p o u r i n g 
o f c o n c r e t e may s t a r t , w h i l e s u r v e y i n g and e x c a v a t i o n may be 
c o n t i n u e d i n o t h e r areas. Management and s u p e r v i s i o n have to 
be e s t a b l i s h e d as s u r v e y i n g s t a r t s , and management has t o arrange 
f o r t h e i n t e g r a t e d phasing o f every o p e r a t i o n ; s u p e r v i s i o n , 
i n s p e c t i o n and i n v e s t i g a t i o n o f a l l the o p e r a t i o n s p e r f o r m e d 
have t o accompany each o p e r a t i o n . 
As soon as t h e i r r i g a t i o n c a n a l , pump s t a t i o n s and 
r e s e r v o i r s are c o n s t r u c t e d then the frame gates and the s l u i c e 
gates can be p o s i t i o n e d a t t h e a p p r o p r i a t e p o i n t s i n t h e system 
and the pumps may be i n s t a l l e d as w e l l . As these are p o s i t i o n e d 
and i n s t a l l e d then the s e a l i n g m a t e r i a l must be ready t o be 
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p l a c e d by the l a b o u r e r s and t e c h n i c i a n s i n t h e j o i n t s . Thus a t 
c e r t a i n s p e c i f i c times some o p e r a t i o n s have t o s t a r t w h i l e o t h e r s 
have t o be f i n i s h e d . What happened i n r e a l i t y i s t h a t t h e c o r r e c t 
i n f e r f a c i n g o f o p e r a t i o n s was not ac h i e v e d and the planned 
convergence p o i n t s were not a t t a i n e d . 
C o n s t r u c t i o n work was i n t e r r u p t e d , sometimes due t o l a c k 
o f c o n s t r u c t i o n m a t e r i a l on s i t e on t i m e and sometimes due t o 
f i n a n c i a l d i f f i c u l t i e s o f the c o n t r a c t o r (see p.211 ) . Pump 
i n s t a l l a t i o n was a l s o delayed due t o the l a t e a r r i v a l o f t h e 
t e c h n i c i a n s from Germany. 
However, c o m p l e t i o n of the c o n s t r u c t i o n o f the i r r i g a t i o n 
system t o b r i n g water from the s p r i n g t o t h e p r o j e c t area 
c r i t i c a l l y depended on the i n t e r m e s h i n g of each p a r t o f t h e 
c o n s t r u c t i o n p r ocesses. The absence of t h e planned i n t e r m e s h i n g 
r e s u l t e d f i r s t l y i n d e l a y and,secondly, i n q u a l i t a t i v e d e f i c i e n c i e s 
which are bes t examined s e p a r a t e l y i n 7.2. 
7.2 L i e b i g ' s concept o f "law of the minimum" 
The i d e n t i f i c a t i o n o f c r i t i c a l l e v e l s o f i n d i v i d u a l i n p u t s 
and f a c t o r s which i f n o t reached w i l l e i t h e r damage or i n v a l i d a t e 
the p r o j e c t . 
T h i s t a s k w i l l be approached by a p p l y i n g t he concept of 
L i e b i g ' s "Law of the minimum". This law, f i r s t f o r m u l a t e d i n 
r e l a t i o n t o f e r t i l i s e r a p p l i c a t i o n , s t a t e s t h a t "by the d e f i c -
i e n c y or absence o f one necessary c o n s t i t u e n t , a l l o t h e r s b e i n g 
p r e s e n t , the s o i l i s rendered b a r r e n f o r a l l those crops t o the 
l i f e o f which t h a t one c o n s t i t u e n t i s i n d i s p e n s i b l e " . The 
p r i n c i p l e o f t h i s approach can be a p p l i e d t o o t h e r a c t i v i t i e s and 
here i s used t o a s c e r t a i n how f a r can we i d e n t i f y t h e e f f e c t o f 
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any p a r t i c u l a r d e f i c i e n c y i n i s o l a t i o n , how f a r do some c l u s t e r 
f a c t o r s appear s i g n i f i c a n t and, l a s t l y t h e degree of c r i t i c a l i t y 
o f a s i n g l e f a c t o r or a c l u s t e r o f f a c t o r s . 
D i f f e r e n t c r u c i a l items c o u l d be measured i n terms of time 
and money i . e . p e r i o d o f delay and how much f i n a n c i a l r e t u r n c o u l d 
be o b t a i n e d i f work performance was executed i n the r i g h t way. 
I t i s however d i f f i c u l t t o i s o l a t e each i t e m i n o r d e r t o know 
the degree o f importance o f i t s component e f f e c t i v e n e s s . A l l 
the p r o j e c t ' s development processes o f c o n s t r u c t i o n and s o i l 
p r e p a r a t i o n , r e c l a m a t o r y c u l t i v a t i o n and p r o d u c t i o n e t c . had t o be 
executed a c c u r a t e l y and e n t i r e l y 100% as the p l a n r e q u i r e s t o a l l o w 
t h e p r o j e c t t o work t o i t s f u l l c a p a c i t y . But, o f t e n some 
development processes are n o t completed e n t i r e l y or sometimes not 
at a l l , what happens then? I n an a t t e m p t t o c l a s s i f y c r u c i a l 
i t e m s , here are f o u r d i f f e r e n t degrees of c r i t i c a l i t y : 
1. Delay 
Delay i n a c h i e v i n g t he p r o j e c t ' s t a r g e t s w i t h i n t h e o r i g i n a l 
t i m e - s c a l e leads t o delayed r e t u r n from the p r o j e c t and t h e c o s t s 
w i l l be more than o r i g i n a l l y expected. However, the p r o j e c t may 
s t i l l be completed even though l a t e on t a r g e t approach. 
2. Temporary r e d u c t i o n o f p r o d u c t i o n 
This i n c l u d e s the d i f f i c u l t i e s or problems which w i l l l e a d 
t o r e d u c t i o n o f p r o d u c t i o n , and may be c a l l e d temporary because 
normal p r o d u c t i o n c o u l d be achieved by r e c t i f i c a t i o n . 
However, t h i s i m p l i e s a temporary r e d u c t i o n i n p r o d u c t i o n 
e i t h e r i n q u a n t i t y or q u a l i t y or b o t h o f the c r o p s ' y i e l d due t o 
e.g. n o t u s i n g machinery t o f u l l e f f i c i e n c y , improper i r r i g a t i o n , 
improper c u l t i v a t i o n , poor management e t c . F u r t h e r m o r e , some 
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problems such as improper l e a c h i n g and re°salination w i l l l e a d 
t o r e s t r i c t i o n i n t h e range o f choi c e o f the crops or v a r i e t i e s , 
and i f the planned s e t t l e r s ' r e t u r n s are m a r g i n a l t he f i n a l 
o b j e c t i v e s may be s e r i o u s l y endangered, t h a t i s t o say the r e t u r n 
m i g h t n o t match t h e hoped f o r l o c a l , r e g i o n a l or n a t i o n a l d e v e l -
opment . 
3. Permanent r e d u c t i o n o f p r o d u c t i o n 
This i n c l u d e s d i f f i c u l t i e s and problems which w i l l l e a d t o 
r e d u c t i o n o f p r o d u c t i o n , which can be c a l l e d permanent because 
the p r o d u c t i o n w i l l be permanently reduced below t h a t planned due 
t o i n c o m p l e t e c o n s t r u c t i o n or improper c o n s t r u c t i o n o f some o f 
the p r o j e c t components. However, t h i s r e d u c t i o n i n p r o d u c t i o n w i l l 
be permanent because, f o r i n s t a n c e , t e c h n i c a l mistakes which t o o k 
p l a c e d u r i n g the p r o j e c t c o n s t r u c t i o n permanently reduce t h e 
e f f i c i e n c y o f the p r o j e c t c a p a b i l i t y . For example, t h e t e c h n i c a l 
mistakes which Boheira Company made d u r i n g p e r f o r m i n g t h e 
Second phase - Stage 1, c o n s t r u c t i o n , l e d t o some d e s i g n a t e d 
l a n d b eing abandoned and t o low e f f i c i e n c y d r a i n a g e and i r r i g a t i o n 
systems (see pp.212-214). 
A d d i t i o n a l l y , t h e t e c h n i c a l mistakes caused by poor 
management, the l a c k o f e x p e r i e n c e o f t e c h n i c i a n s e t c . d u r i n g t h e 
Second phase - Stage 2 l e d t o d e v e l o p i n g o f f u r t h e r s i n k - h o l e s . 
Such mistakes had grave and permanent consequences f o r a g r i c u l t u r a l 
o p e r a t i o n s . 
4. F a i l u r e o f the p r o j e c t 
Some items such as l a c k o f c a p i t a l , t h e u n a v a i l a b i l i t y 
or u n s u i t a b i l i t y o f s e t t l e r s t o be farmers w i l l l e a d t o p r o j e c t 
f a i l u r e . F u r t h e r m o r e , some problems such as r e s a l i n a t i o n , v e r y 
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h i g h g r o u n d w a t e r t a b l e a s s o c i a t e d w i t h o t h e r problems c o u l d l e a d 
t o f a i l u r e o f the p r o j e c t , e i t h e r as a whole or i n l a r g e p a r t . 
The Tauorga p r o j e c t i s not s i n g u l a r i n b e i n g hampered 
w i t h the problems and d i f f i c u l t i e s mentioned i n c h a p t e r s i x . 
However, we can f u r t h e r analyse the s i t u a t i o n by a s k i n g t h e 
f o l l o w i n g q u e s t i o n s -
Q uestion 1 - are t h e problems of a g e n e r a l k i n d i . e . may 
happen anywhere? 
2 - are t h e problems s p e c i f i c t o t h e l o c a l environment? 
3 ° are t h e problems s p e c i f i c t o l e s s d e v e l o p i n g 
c o u n t r i e s , i . e . r e l i a n c e on f o r e i g n s k i l l , e x p e r i e n c e , 
m a t e r i a l c o n s t r u c t i o n and equipment? 
4 - are the problems due t o an inadequate and vague 
f o r m u l a t i o n o f p r o j e c t o b j e c t i v e s ? 
5 - are the problems due t o an inadequate a p p r e c i a t i o n o f -
a. t i me dynamic? 
b. r e g i o n a l n e t t i n g w i t h i n n a t i o n a l c o n t e x t ? 
Every problem o f the types mentioned above has a d i f f e r e n t 
range of n e g a t i v e e f f e c t on the p r o j e c t f u t u r e . 
Let us t h e r e f o r e examine s e p a r a t e l y each of these consequences 
o f degree o f c r i t i c a l i t y i n v a r i o u s phases of the p r o j e c t . 
( i ) Phase 2 - Stage 1, c o n s t r u c t i o n 
Q.l. Question o f problems o f g e n e r a l k i n d : -
Delay - A p a r t from d e l a y caused by l a t e a r r i v a l of the i m p o r t e d 
c o n s t r u c t i o n m a t e r i a l and the f i n a n c i a l d i f f i c u l t i e s (see p. 211 ) , 
the E g y p t i a n B o h e i r a Company was n o t as capable as expected. 
The c o n s t r u c t i o n p e r i o d was supposed t o be 2 y e a r s , b u t t h e a c t u a l 
e x e c u t i o n , except f o r the c e n t r a l v i l l a g e , exceeded 3 y e a r s . 
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The c e n t r a l v i l l a g e was not completed b u t was a t l e a s t p a r t l y 
f i n i s h e d and t h i s would n o t e n t i r e l y h i n d e r t h e commencement o f 
the ne x t s t a g e . 
Permanent r e d u c t i o n o f P r o d u c t i o n : -
1) The t e c h n i c a l mistakes which Boheira Company made by u s i n g 
the wrong machinery f o r l e v e l l i n g o p e r a t i o n s (see p. 212) l e d t o 
the abandoning o f some djosas (see p. 212) and, i n o t h e r d j o s a s 
where the t o p s o i l was p a r t l y removed, a g r i c u l t u r a l o p e r a t i o n s are 
v e r y d i f f i c u l t t o p e r f o r m and p r o b a b l y w i l l never come up t o 
e x p e c t a t i o n s . 
2) T e c h n i c a l m i s t a k e s l e d t o f r e q u e n t breaks o f the main 
i r r i g a t i o n c a n a l as u n s u i t a b l e s o i l m a t e r i a l was used as embankments 
f o r t h i s c a n a l (see p. 212), endangering t h e a g r i c u l t u r a l o p e r a t i o n s . 
3) B o h e i r a Company deep ploughed s e v e r a l d j o s a s up t o 90 cm 
i n depth and i t i s b e l i e v e d t h a t t h i s deep p l o u g h i n g has a hand 
i n d e v e l o p i n g s i n k - h o l e s and t h e r e f o r e i n the d e s t r u c t i o n o f 
some l a n d . 
4) The improper c o n s t r u c t i o n o f the d r a i n a g e system l e d t o 
improper f u n c t i o n i n g o f t h e d r a i n s and con s e q u e n t l y t h e ground 
water t a b l e l e v e l r o s e . 
( i i ) Phase 2 - Stage 2. 
1. S o i l P r e p a r a t i o n 
S o i l p r e p a r a t i o n opens w i t h t h e c o m p l e t i o n o f c o n s t r u c t i o n 
work = I n t h i s stage the f o l l o w i n g problems c o u l d be i d e n t i f i e d . 
This phase s t a r t e d l a t e because o f the l a t e end o f t h e c o m p l e t i o n 
o f the Second phase - Stage 1. 
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Q u e s t i o n o f problems s p e c i f i c t o L.D.C's 
Delay: The l a n d p l a n e r s , which are the p r o p e r machine f o r t h i s 
p r o j e c t were n o t a v a i l a b l e because o f i m p o r t delays and l e a c h i n g 
was i n t u r n d e l a y e d . 
Temporary r e d u c t i o n o f p r o d u c t i o n : 
The c r i t i c a l n a t u r e o f the r e q u i r e d a c c u r a t e l e v e l l i n g o f 
la n d f o r the proposed i r r i g a t i o n method and f o r even d i s t r i b u t i o n 
o f w a t er f o r l e a c h i n g purposes were not s u f f i c i e n t l y a p p r e c i a t e d . 
Some Djosas are s t i l l n o t c l e a r e d o f stones (see p. 153 ) 
Question o f problems s p e c i f i c t o l o c a l environment - Temporary 
r e d u c t i o n w i t h t h e p o s s i b i l i t y o f l e a d i n g t o permanent r e d u c t i o n 
o f p r o d u c t i o n : 
As s a l i n i t y o f b o t h t h e s o i l and t h e i r r i g a t i o n water i s 
concerned, one can say: 
1. Unless the s o i l i s leached p r o p e r l y a s s o c i a t e d w i t h 
p r o p e r d r a i n a g e i t can n o t be used as i n t e n d e d ( g r e a t e r c o m p l i c -
a t i o n s t h a n e x p e c t e d ) , a l s o see 2 below. 
2. Given g r e a t e r problems w i t h c o n t i n u o u s r i s e i n t h e water 
t a b l e , and r e - s a l i n a t i o n t h e n new s i n k - h o l e s were c r e a t e d , some 
d e s i g n a t e d l a n d c o u l d n o t be prep a r e d f o r c u l t i v a t i o n and t h i s 
reduced the proposed area and e v e n t u a l l y t h e p o t e n t i a l r e t u r n . 
3. The f r e q u e n t breaks i n the main i r r i g a t i o n c a n a l , c o n s t r u c -
t i o n d e f e c t s , exaggerated by n a t u r e o f e.g. embankment m a t e r i a l 
w i t h h i g h s o l u b l e s a l t s c o n t e n t , l e d t o c a v i t a t i o n and the l o w e r i n g 
o f expected f l o w c a p a c i t y i n g e n e r a l and i n c r e a s e d t h e r i s k o f 
c r i t i c a l i n t e r r u p t i o n s i n f i e l d s u p p l y . 
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3. Reclamatory c u l t i v a t i o n 
Reclamatory c u l t i v a t i o n f o l l o w s w i t h p r o p e r l e a c h i n g , but 
s i n c e p r o p e r l e a c h i n g c o u l d n o t be a c h i e v e d i n some p a r t s o f t h e 
p r o j e c t , r e c l a m a t o r y c u l t i v a t i o n d i d n o t g i v e t h e expected 
r e s u l t s . 
F u r t h e r m o r e , some p r o p e r l y leached p a r t s o f the p r o j e c t 
c o u l d not be m a i n t a i n e d . 
q . l Questions o f problems o f g e n e r a l k i n d 
Delay: 
Problems o f delayed a r r i v a l o f seeds, equipment and 
f e r t i l i z e r s , e t c . e n f o r c e d t h e management t o a l t e r t h e planned 
c r o p p i n g p a t t e r n t o another one which was n o t t h e best f o r 
r e c l a m a t i o n (see p.140). 
Question o f problems s p e c i f i c t o L.D.C.'s 
Temporary r e d u c t i o n i n p r o d u c t i o n 
( i ) The temporary and i n c o n s t a n t p e r i o d s o f employment o f 
e x p a t r i a t e w o r k e r s , t e c h n i c i a n s , a d m i n i s t r a t i o n and e n g i n e e r s 
c l e a r l y reduced t h e h y p o t h e t i c a l e f f i c i e n c y o f management w h i c h 
a l s o d i d not have adequate e x p e r i e n c e t o manage the p r o j e c t and 
which was d i f f e r e n t f rom t h a t r e s p o n s i b l e d u r i n g t he c o n s t r u c t i o n 
stage. 
( i i ) The l a c k o f p r o p e r maintenance o f the p r o j e c t ' s 
components i . e . d r a i n a g e and i r r i g a t i o n c a n a l s . 
( i i i ) Bad maintenance o f the machinery and the poor performance 
of t h e workshop. 
( i v ) The f r e q u e n t c u t s i n e l e c t r i c i t y s u p p l i e s a d v e r s e l y 
a f f e c t e d t h e p r o j e c t ' s water pump o p e r a t i o n . 
(v) The l a c k o f p r o p e r water and s o i l management c o n t i n u e d t h e 
process o f s i n k - h o l e s f o r m a t i o n w i t h a f u r t h e r known l o s s o f 
land and unknown e f f e c t s on t h e w a t e r t a b l e . 
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Q. 4. Question o f inadequate and vague f o r m a t i o n o f p r o j e c t 
o b j e c t i v e - Permanent r e d u c t i o n o f p r o d u c t i o n 
The d i s c h a r g e o f the s p r i n g s on which a l l water use 
computations were based, was s i g n i f i c a n t l y lower t h a n expected 
(see pp.244-246 ) Fur t h e r m o r e , no measures were taken t o p r o t e c t 
t h i s c r i t i c a l r e s o u r c e o f water even a f t e r e s t a b l i s h i n g t h e 
p r o j e c t . See Chapter 6.4 i t e m Nos. 3-6. 
Permanent p r o d u c t i o n r e d u c t i o n or p r o j e c t f a i l u r e 
The d i v i s i o n o f l a n d i n t o h o l d i n g s o f 10 ha. each does n o t 
seem wise and i f a l l o c a t i o n had been c a r r i e d o u t i t seems v e r y 
d o u b t f u l whether h o l d i n g s would have been worked t o c a p a c i t y or 
even taken up (see pp. 236-239). S i m i l a r l y , t h e planned e d u c a t i o n 
and t r a i n i n g o f s e t t l e r s was n o t c a r r i e d out t o any s i g n i f i c a n t 
e x t e n t , w h i c h p r o b a b l y would have had s i m i l a r e f f e c t s t o t h e 
above (see Chapter 6.4 i t e m Nos. 1, 7 and 8 ) . 
Q. 5. Que s t i o n o f inadequate a p p r e c i a t i o n of 
a - Time dynamic 
The i n t e r n a l a d m i n i s t r a t i v e and p o l i t i c a l changes which 
have o c c u r r e d i n L i b y a s i n c e t h e f i r s t p l a n s were drawn up are 
c o n s i d e r a b l e and some o f these have had c r i t i c a l e f f e c t s on 
p r o j e c t management and r e s p o n s i b i l i t y (see p.231 ) . E a r l i e r 
(see pp.172-174 ) w e noted changes i n a g r i c u l t u r a l p r i c e s and 
i t i s a l s o c l e a r t h a t t he balance between p r i c e s o f i m p o r t e d 
equipment and consumables and Libyan revenue has changed. 
E q u a l l y i m p o r t a n t have been changes i n e x t e r n a l r e l a t i o n s h i p s , 
e.g. w i t h Egypt and T u n i s i a , w h i c h have s e v e r e l y a f f e c t e d t h e 
a v a i l a b i l i t y o f e x p a t r i a t e l a b o u r . The p o i n t here i s t h a t any 
doubt over l o n g - t e r m s t a b i l i t y i n L i b y a n i n t e r n a l and e x t e r n a l 
a f f a i r s has c r i t i c a l r e p e r c u s s i o n s on any p r o j e c t o f t h i s or 
s i m i l a r magnitude. 
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Q5 - b Regional s e t t i n g i n t h e n a t i o n a l c o n t e x t 
The s p e c i f i c r e g i o n a l s e t t i n g r e q u i r e d t h e f o l l o w i n g : -
1. Adequate number o f s e t t l e r s (see pp.98-99 ) 
2. D e s i r e t o be educated and t r a i n e d i n new s k i l l s , machinery-
h a n d l i n g . 
3. C o m p a t a b i l i t y w i t h c o n d i t i o n s e n a b l i n g them t o s t a y and be 
f a r m e r s . 
The s e t t l e r s from Tauorga Oasis w i l l s t i l l be i n Tauorga 
area as t h e y are s h i f t e d t o the new farms, so t h e r e w i l l be no 
problems o f a d a p t i n g them t o new weather, s o i l , or new n e i g h b o u r s . 
Furthermore those s e t t l e r s w i l l s t a y c l o s e t o t h e i r t r i b e , t he 
s i t u a t i o n i n t h i s p r o j e c t b e i n g f a r e a s i e r t h a n such problems f a c e d 
i n Saudi A r a b i a . However, g i v e n a n a t i o n a l s h o r t a g e o f l a b o u r and 
t h e f a c t t h a t m o b i l i t y , once encouraged a t any s c a l e , i s d i f f i c u l t 
t o c o n t r o l , i t i s dangerous t o assume t h a t t h e new s e t t l e r s would 
n e c e s s a r i l y have remained i n the r e g i o n . This cannot be t e s t e d 
s i n c e , so f a r , Q2 + Q3 + p a r t o f Ql end t h e p r o j e c t w i t h no s e t t l e r s . 
Moreover, these and o t h e r f a c t o r s do n o t s t a n d i n i s o l a t i o n . 
New, p o o r l y t r a i n e d s e t t l e r s , w i t h l a n d s u b j e c t t o s i n k - h o l e 
development, a t t h e r i s k o f i n t e r r u p t i o n o f w a t e r - s u p p l i e s , and 
c o n t r o l by a h y p o t h e t i c a l c o o p e r a t i v e s o c i e t y , m i g h t not be t h e 
most permanent or p r o d u c t i v e f a r m e r s . Thus these or o t h e r c l u s t e r 
o f f a c t o r s such as Q4 or/and Q5-a m i g h t d r i v e t h e p r o j e c t t o 
f a i l u r e i n l a r g e p a r t . A g a i n , u n l e s s extreme measures are t a k e n 
to r e c t i f y t h i s d e t e r i o r a t i n g s i t u a t i o n t h e whole p r o j e c t w i l l be 
s u b j e c t e d t o danger. 
L a s t l y , i n terms of t h e n a t i o n a l s i t u a t i o n , we have t o ask, 
whether L i b y a w i t h i t s own s p e c i a l manpower problems can p r o p e r l y 
s u p e r v i s e and. man many d i f f e r e n t p r o j e c t s ( o f w h i c h Tauorga i s 
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o n l y one) s i m u l t a n e o u s l y . The answer as w i t h some o t h e r L.D.C's 
i s " p r o b a b l y n o t " . 
7.3 S u i t a b i l i t y and m a t r i x a n a l y s i s o f t h e in t e r d e p e n d e n c e o f 
th e i n p u t f a c t o r s i n v o l v e d i n the p r o j e c t development processes 
I n t h i s s e c t i o n we examine t h e s u i t a b i l i t y and t h e i n t e r -
dependence o f t h e i n p u t f a c t o r s , c o v e r i n g b o t h t he planned and 
r e a l consequences o f s u i t a b i l i t y and inte r d e p e n d e n c e o f i n d i g e n o u s 
and exoganous f a c t o r s . 
S u i t a b i l i t y o f t h e i n p u t f a c t o r s 
I n t h i s a n a l y s i s t h e f o l l o w i n g symbols w i l l be used as an 
i n d i c a t i o n o f t h e s u i t a b i l i t y o f t h e d i f f e r e n t i n d i v i d u a l f a c t o r s 
i n f l u e n c i n g t h e development o f t h e p r o j e c t : -
+ conducive t o success 
i n h i b i t i n g 
? p o s s i b l y i n h i b i t i n g 
a. Planned or h y p o t h e t i c a l s u i t a b i l i t y 
We have t o assume t h a t t h e p r o j e c t p l a n p o s i t i v e l y proposed 
was so designed t h a t i n p u t f a c t o r s would be assembled i n s u i t a b l e 
f o r m s , o t h e r w i s e p o s i t i v e recommendations f o r i m p l e m e n t a t i o n 
would n o t have been made. T h e r e f o r e , Table No. 7.3.1 column 1 should 
c o n t a i n i n p u t f a c t o r s , a l l o f which can be i d e n t i f i e d as conducive 
t o success. I n t h i s Chapter t h e c r i t i c a l p a t h sequence o f 
r e l a t i n g t h e v a r i o u s i n p u t f l o w s has a l r e a d y been d i s c u s s e d and 
the a n a l y s i s o f f a c t o r s s u i t a b i l i t y w hich f o l l o w s a l s o assumes 
t h a t t h e c r i t i c a l i t y o f p a t h convergences i s a p p r e c i a t e d i n t h e 
p l a n . The e x a m i n a t i o n o f t h e s u i t a b i l i t y o f t h e i n p u t f a c t o r s 
w i l l cover a l l t h e p r o j e c t development processes:-
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TABLE No. 7 . 3.1 S u i t a b i l i t y o f i n d i v i d u a l f a c t o r s i n f l u e n c i n g 
the project development 
! | 
Planned 
(1) 
Actual 
(2) 
Notes 
Phase 2 - Stage 1 , c o n s t r u c t i o n 
1 P r o j e c t l o c a t i o n + + 
2 C a p i t a l " f i x e d " + + 
3 Management + - / ? 
4 Know-how + + 
5 Tec h n i c i a n s + -
6 Labourers + + 
7 I r r i g a t i o n system + -
8 Drainage system + -
9 S h e l t e r wind-breaks + + 
10 C e n t r a l v i l l a g e + + 
Phase 2 - Stage 2 , s o i l 
P r e p a r a t i o n 
11 C a p i t a l a p p l i c a t i o n and 
inv e s t m e n t + + 
12 Cl i m a t e + + 
13 S o i l - l e v e l l i n g + + /-
14 - s a l i n i t y + + /-
15 Water q u a n t i t y + -
16 q u a l i t y + + 
17 Management + - / ? 
18 Know-how + + 
19 S k i l l e d workers + -
20 Maintenance Labourers 
Number + -
21 E d u c a t i o n + C - ) has not t a k e n 
p l a c e 
22 T r a i n i n g + ( - ) i i M 
23 Fu t u r e S e t t l e r s 
Number + + 
24 Ed u c a t i o n + CO has n o t t a k e n 
p l a c e 
25 T r a i n i n g + CO 
26 I r r i g a t i o n processes + -/? 
27 Drainage F u n c t i o n i n g + -
28 Leaching processes + - / ? 
29 Reclamatory c u l t i v a t i o n + +/-
30 Agr o - T e c h n i c i a n s + +/? 
31 Maintenance o f t h e p r o j e c t + -
3rd p h a s e / p r o d u c t i o n has not t a k e n 
p l a c e 
32 Land Tenure + CO 
33 A g r i . C o o p e r a t i v e - a d v i s o r y + 
34 - market- + 
35 T r a n s p o r t i n g + 
36 Farm s i z e + 
37 Family s i z e + 
38 Farm i n p u t s - Labourers + CO 
39 - Others + 
40 Farm o u t p u t - consumption + 
CO 41 - s a l e + 
42 F a r m i l y income + CO 
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Phase 2 - Stage 1, C o n s t r u c t i o n 
P r o j e c t l o c a t i o n : The p r o j e c t area i s connected w i t h t h e 
main urban c e n t r e s , i . e . T r i p o l i and Benghazi o f t h e c o u n t r y by 
means o f t h e h i g h way. This a l l o c s an easy acce.S-S_.to t h e 
markets. The p r o j e c t l o c a t i o n was chosen due t o the presence 
o f u n d e r - u t i l i s e d r e sources o f water and c u l t i v a b l e s o i l . 
C a p i t a l , " f i x e d " : L i b y a , w i t h i t s o i l w e a l t h (see pp.16-17 ) 
had no problem i n s u p p l y i n g c a p i t a l t o buy and i m p o r t t h e 
necessary machinery, equipment and m a t e r i a l s e t c . , t o c o n s t r u c t 
the i r r i g a t i o n and d r a i n a g e systems, or t o b u i l d t he c e n t r a l 
v i l l a g e or t o p l a n t windbreaks. 
Management: The assumed c a p a b i l i t y o f t h e Libyans t o o r g a n i z e , 
manage and s u p e r v i s e the c o n s t r u c t i o n and b u i l d i n g work pe r f o r m e d 
by the i m p o r t e d c o n s t r u c t i o n company i s d o u b t f u l . U l t i m a t e l y t h i s 
i s i m p o r t a n t because i n any development s i t u a t i o n i t i s t h e 
domestic management which c l a i m s f i n a l r e s p o n s i b i l i t y , b u t : 
Know-how: due t o l a c k o f L i b y a n e x p e r t i s e i n such c o n s t r u c t i o n 
work had t o be i m p o r t e d from abroad i n t h e form o f t e c h n o l o g i s t s 
t o a c t as s u p e r v i s o r s , a d v i s o r s and c o n s u l t a n t s on b e h a l f o f t h e 
management, and domestic f i n a n c e was a v a i l a b l e f o r such 
i m p o r t a t i o n . 
P r o j e c t c o n s t r u c t i o n : There i s no L i b y a n Company h a v i n g t h e 
c a p a b i l i t y t o c o n s t r u c t and b u i l d t h i s p r o j e c t e.g. i r r i g a t i o n 
and d r a i n a g e systems, c e n t r a l v i l l a g e e t c . a c c o r d i n g t o t h e 
t e c h n i c a l s p e c i f i c a t i o n s w h i c h are r e q u i r e d by the s p e c i f i c 
c o n d i t i o n s o f t h e p r o j e c t a r e a , b u t a company from abroad had t o 
be i m p o r t e d f o r t h i s purpose. 
T e c h n i c i a n s and l a b o u r e r s : The number r e q u i r e d f o r c o n s t r u c t i o n 
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of t h i s phase could not be covered by indigenous supply n e i t h e r 
i n q u a n t i t y or q u a l i t y , but they have to be imported. 
Phase 2 - Stage 2, S o i l p r e p a r a t i o n 
C a p i t a l a p p l i c a t i o n and investment: A l l the necessary processes, 
equipment and m a t e r i a l s , e.g. leaching, seeds and f e r t i l i z e r s 
could be met from governmental expenditure. 
Climate: C l i m a t i c data f o r the p r o j e c t area i s only a v a i l a b l e 
from the middle of 1976, but from data c o l l e c t e d near the p r o j e c t 
(see pp.48-50) i t could be concluded t h a t there w i l l be no major 
problems as long as t h i s conclusion i s supported by e f f e c t i v e 
a m e l i o r a t i v e measures. 
S o i l l e v e l l i n g : The topography of the area (see pp.57-58) 
favours a g r i c u l t u r a l production and allows the a p p l i c a t i o n of 
f l o o d i r r i g a t i o n system and an open drainage system a f t e r a s l i g h t 
l e v e l l i n g of the land. 
S o i l q u a l i t y : The s o i l s of the area selected f o r the p r o j e c t 
vary i n t e x t u r e and s t r u c t u r e and degree of s a l i n i t y (see pp.51-57 ). 
I t i s assumed tha t they are capable of supporting c u l t i v a t i o n 
but t h e i r behaviour under c u l t i v a t i o n w i l l r e q u i r e c a r e f u l 
monitoring and management. 
The water q u a l i t y and q u a n t i t y : these are adequate (assuming 
the v a l i d i t y of the background studies) f o r the recommended cropping 
p a t t e r n . The i r r i g a t i o n (see pp.71-75) and the drainage systems 
(see pp.78-79 ) are designed to s a t i s f y the water demands of 
a g r i c u l t u r a l production under the given circumstances. 
Management: the a b i l i t y of the Libyans to organize, manage and 
supervise the leaching and reclamatory c u l t i v a t i o n i s d o u b t f u l T 
but the s i t u a t i o n w i l l be m i t i g a t e d by imported know-how, 
10'pv; - . i •-, . due t o la;... :•£ L i b y a n experts i n land reclamation 
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experts from abroad have t o be imported t o act as t e c h n o l o g i s t s 
on behalf of the management. 
S k i l l e d workers: the number of t e c h n i c i a n s , d r i v e r s and t h e i r 
l e v e l of s k i l l etc r e quired i n the p r o j e c t could not be met by 
indigenous people, so some of these have to be imported from 
abroad. 
Maintenance Labourers: there are s u f f i c i e n t labourers t o be 
employed as maintenance labourers f o r the a g r i c u l t u r a l p r o j e c t . 
This was based on the b e l i e f of a s u f f i c i e n t l y large pool of 
labour i n the Tauorga region (see pp. 98-103 ) Properly educated 
and t r a i n e d they could keep the p r o j e c t components such as 
i r r i g a t i o n canals, drains and the c e n t r a l v i l l a g e maintained at 
the required l e v e l to operate continuously. 
S e t t l e r s : out of the 8 , 698 i n h a b i t a n t s of Tauorga region 
(see p. 99 ) i t was assumed t h a t there are enough f a m i l i e s to 
occupy the 500 farms. Their education at school i n the c e n t r a l 
v i l l a g e and t h e i r t r a i n i n g i n the leaching, i r r i g a t i o n processes 
and i n modern farming would ensure t h e t e c h n i c a l v i a b i l i t y of the 
p r o j ect. 
Agro-technicians: The r e q u i r e d number of agro-technicians 
to supervise every s i n g l e a g r i c u l t u r e operation on s i t e could not 
be met indigenously, but they have to be imported from c o u n t r i e s 
such as Egypt, Tunisia and Palestine. 
Phase 3 - Production 
Land Tenure: I t was hoped t h a t as the s e t t l e r s became owners 
of farms t h e y would be changed from semi-nomadic to completely 
sedentary farmers. 
A g r i c u l t u r e cooperative - The a g r i c u l t u r e cooperative i t s e l f i s a 
complete a u t h o r i t y equipped w i t h i t s own a d m i n i s t r a t o r s f 
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a g r i c u l t u r a l machinery, t r a n s p o r t i n g means and subsidized by the 
government. 
Thus t h i s a g r i c u l t u r e cooperative w i l l be able t o advise 
farmers, supply i n p u t s , and t r a n s p o r t and market the a g r i c u l t u r a l 
products f o r the s e t t l e r s . 
Farm inputs - Labourers: I t i s assumed t h a t the annual f a m i l y income 
would be achieved w i t h 4 f u l l - t i m e labourers, but since f a m i l y size 
imples t h a t each u n i t w i l l probably have two f u l l - t i m e workers, 
each would have to h i r e and pay 2 a d d i t i o n a l labour u n i t s . 
Farm outputs and f a m i l y income: The h y p o t h e t i c a l annual f a m i l y 
income f o r the 10 ha. farm s i z e , assuming recommended cropping 
patterns would be a p p l i e d , would be L.D. 1200 - 1500 (see pJ99). 
This i s enough to support the f a m i l y size (present r e g i o n a l average 
8 persons) w i t h n e c e s s i t i e s , t h i s i s a good income, e s p e c i a l l y as 
home consumption i s supplied f r e e from the farms. 
b. S u i t a b i l i t y i n R e a l i t y 
The h y p o t h e t i c a l assumption t h a t the p r o j e c t plan p o s i t i v e l y 
proposed was so designed t h a t input f a c t o r s would be assembled i n 
s u i t a b l e forms appeared to be too o p t i m i s t i c and over-estimated. 
An assessment of the r e a l s u i t a b i l i t y of these f a c t o r s are 
shown i n Table No. 7.3.1 column 2. 
Project Location : Remains as i n the h y p o t h e t i c a l case (see p.282) 
Ca p i t a l " f i x e d " : Remains as i n the h y p o t h e t i c a l case (see p.282). 
- Management : The c a p a b i l i t y of the Libyans to organise, manage 
and supervise ct t o p - l e v e l , p r o j e c t implementation, e.g. the 
c o n s t r u c t i o n and b u i l d i n g works performed by the Egyptian Boheira 
Company proved to be inadequate. 
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Know-how : Supervision, advisors and consultants had to be 
imported to overcome the problem of the lack of experience of 
the managment. The extent of the i n f l u e n c e of management on t h i s 
item i s not c l e a r here but w i l l be apparent i n the interdependence 
analysis 
Technicians and labourers : Technicians and labourers, required 
f o r c o n s t r u c t i o n had to be imported; however i t appeared t h a t the 
c a p a b i l i t y and experience of t h i s imported labour was lower than 
hypothesised. 
Project c o n s t r u c t i o n : As there i s no Libyan Company to b u i l d 
and construct such a p r o j e c t , a company from abroad (see p.31) 
had been imported to c a r r y out t h i s p r o j e c t , but t h i s company was 
g u i l t y of e r r o r s of judgement and t e c h n i c a l mistakes (see pp.212-214). 
during the c o n s t r u c t i n g phase e.g. i r r i g a t i o n system, l e v e l l i n g 
works etc. 
Capital a p p l i c a t i o n and investment : Remains as i n the h y p t h e t i c a l 
case (see p. 283). 
Climate : No major problems should ^ave been caused here i f 
precautions were taken e.g. against the g h i b l i by windbreak 
p l a n t i n g , but preparations were not w e l l taken and t h i s l e d to 
unexpected problems (see p.216). 
S o i l l e v e l l i n g : The topography of the p r o j e c t area d i d not 
s e r i o u s l y i n h i b i t a g r i c u l t u r a l land preparation but l e v e l l i n g , 
r equired i n a few places, was not always adequately c a r r i e d out 
(see pp.212 & 219). 
The s o i l : The assumption was t h a t , w i t h c a r e f u l p r e p a r a t i o n , 
the s o i l was capable of supporting c u l t i v a t i o n . In several areas 
of the p r o j e c t t h i s has proved f a l s e . 
The water q u a n t i t y and q u a l i t y : The water q u a n t i t y i s now 
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inadequate f o r the recommended cropping p a t t e r n (see pp.63-64 ) . 
The i r r i g a t i o n and the drainage systems are designed to s a t i s f y 
the water demands of the a g r i c u l t u r a l production under the planned 
circumstances. However, the frequent breakdown of the main 
i r r i g a t i o n canal (see p. 214 ) and the inadequacies of the drains 
have led to complicated problems 
Management : The a b i l i t y of the Libyans to organize, manage and 
supervise the leaching and reclamatory c u l t i v a t i o n proved to 
be inadequate (see pp.222-223). 
Know-how : This item had been imported (see p. 104 ) to act 
on behalf of the management i n order to overcome the problem of 
inexperience o f the management. I t i s not c l e a r , i n i s o l a t i o n , how 
f a r t h i s proved s u i t a b l e , but becomes cle a r e r when we examine 
interdependence 
S k i l l e d workers : A g r i c u l t u r a l machinery handlers proved to be 
inexperienced even i n applying c l a s s i c a l a g r i c u l t u r e methods. This 
problem i s now serious as those workers have to deal w i t h s a l i n e 
s o i l e.g. c r i t i c a l depth ploughing, seeding, l e v e l l i n g , etc. 
Maintenance Labourers : 
Number - The number employed i s not enough to cope w i t h the 
r e q u i r e d maintenance work. 
Education and T r a i n i n g - Has not taken place so f a r and 
thus the s u i t a b i l i t y of labourers and p o t e n t i a l farmers can not be 
examined. The l i k e l i h o o d i s t h a t t h i s item would have proved 
d e f i c i e n t . 
— S e t t l e r s : 
Number - Remains as i n the h y p o t h e t i c a l case (see p.284) 
Education and T r a i n i n g - Has not taken place as planned and 
thus t h e i r sv.itr b i l i t v could n o t be examined» 
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Agro -technicians : The required number of agro-technicians 
f o r the p r o j e c t was provided, but some of them proved l a c k i n g i n 
p r a c t i c a l experience. 
Phase 3 - Production 
Land tenure : Although no a l l o c a t i o n of farms f o r the s e t t l e r s 
has so f a r taken place and thus i t s s u i t a b i l i t y cannot be examined, 
i t can be p r e d i c t e d t h a t t h i s item w i l l create problems i n the 
long run (see pp. 112-114). 
Agro-Cooperative : 
Advisory and Marketing - have not been introduced t o the 
p r o j e c t yet and thus i t s r e a l s u i t a b i l i t y i n the p r o j e c t could 
not be examined. 
Transport : Farm s i z e ; Family s i z e ; Farm i n p u t s ; labourers 
and others; Farm output, consumption, sale; and Family income -
have not yet taken place and thus t h e i r r e a l s u i t a b i l i t y could 
not be examined. However the e a r l i e r a n a l y s i s , Chapter f i v e -
p a r t two, of r e q u i r e d farm inputs of labour (pp.194-198) (see also 
pp.94-103 and farm outputs and f a m i l y income (ppl98-20| suggests 
t h a t here again there would have been d e f i c i e n c i e s 
Interdependence of the input Factors 
We have examined above the input f a c t o r s separately and 
i n d i v i d u a l l y i n terms of t h e i r planned and a c t u a l s u i t a b i l i t y . 
Already we have seen t h a t they cannot only be t r e a t e d as i s o l a t e s . 
The complex i n t e r a c t i o n between p h y s i c a l and other f a c t o r s 
of p roduction, together w i t h c e r t a i n c h a r a c t e r i s t i c s of the 
farmers themselves, help determine the range of possible forms 
of development. 
The s u i t a b i l i t y of t h e i n d i v i d u a l development f a c t o r s do 
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not show the complete p i c t u r e of prospects of the p r o j e c t . 
A t t e n t i o n here w i l l then be focussed on t h e i r interdependence and 
t h e i r r e s u l t i n g impact as a development group. The interdependence 
of a l l these i n d i v i d u a l f a c t o r s and t h e i r c o n t r i b u t i o n towards 
a g r i c u l t u r a l development show why i n each case success or f a i l u r e 
took place. 
The i n f l u e n c e of these f a c t o r s , now considered as i n t e r -
dependent components i n the "development group", i s decided by 
t h e i r c l u s t e r e d s u i t a b i l i t y f o r a g r i c u l t u r a l development i n a 
whole ma t r i x . Some key problems can be gene r a l l y i d e n t i f i e d . 
A - One of the c r i t i c a l f a c t o r s a f f e c t i n g the planning of 
a g r i c u l t u r a l systems i s the unpredictably s e n s i t i v e nature of the 
land f a c t o r i . e . the environmental resources to be e x p l o i t e d . 
B - Further complications a r i s e from the not completely pred-
i c t a b l e expected responses of s e t t l e r s to t h e i r new planned 
environment i . e . t h e i r knowledge of new developments i n farming, 
and t h e i r w i l l i n g n e s s to accept these innovations as against an 
i n c l i n a t i o n to r e v e r t to t r a d i t i o n a l farming systems as t h e i r 
f a t h e r s and grandfathers had done before them. 
From a study of the environmental inputs to the a g r i c u l t u r a l 
system at Tauorga, as w e l l as analysis of the c h a r a c t e r i s t i c s of 
f u t u r e s e t t l e r s ( i . e . semi nomadic peoples p r a c t i c i n g t r a d i t i o n a l 
farming and h a n d i c r a f t s (see pp.39-41), one can but f e e l p e s s i m i s t i c 
about the prospects of the p r o j e c t achieving i t s o b j e c t i v e s . This 
because the operation of the p r o j e c t and the type of farming 
required i n t h i s s e n s i t i v e environment would r e q u i r e great t e c h n i c a l 
and a t t i t u d i n a l changes i n the workers concerned. 
C - The c o n s t r a i n t s imposed by the ph y s i c a l environment can be 
o f f s e t t o some e x t e n t by i n c r e a s i n g t h e l e v e l of c a p i t a l investment 
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i n the p r o j e c t and through c a r e f u l management and t r a i n i n g of 
the operatives. These could m i t i g a t e against the negative 
i n f l u e n c e of the n a t u r a l endowment of the area. Thus:-
1. (A above), c a p i t a l w i l l provide equipment and machinery f o r 
the c o n s t r u c t i o n of i r r i g a t i o n systems which are c l i m a t i c a l l y 
necessary and designed to make leaching of the s a l i n e s o i l 
p o s s i b l e ; thus c a p i t a l investment can m i t i g a t e the s e v e r i t y of 
s o i l s a l i n i t y . I t i s also t r u e t h a t the v i r g i n s o i l of t h i s 
a r i d area can be improved by the a p p l i c a t i o n of f e r t i l i z e r s . 
Thus the land might become capable of supporting p r o f i t a b l e 
c u l t i v a t i o n . Even the harmful e f f e c t s of the strong desert 
wind, G h i b l i (see p. 49 ) , can be s l i g h t l y counteracted by 
developing wind breaks and s h e l t e r s . 
2. The c o n d i t i o n s a f f e c t i n g the a l l o c a t i o n of land t o 
s e t t l e r s (see pp.43-44 ) deal w i t h f u t u r e s e t t l e r s ' education and 
t r a i n i n g , as w e l l as w i t h farm and p r o j e c t maintenance and, i f 
met, would r e s u l t i n farming success. 
3. In a d d i t i o n , an a g r i c u l t u r a l co-operative was planned t o 
be introduced at the beginning of Stage I I I (Production) of the 
p r o j e c t and t h i s would l i n k p o i n t s 1 and 2 above. 
Consideration of these p o s i t i v e measures which could be 
taken to improve the prospects of the p r o j e c t , lead perhaps 
to an o p t i m i s t i c view of the eventual proper u t i l i s a t i o n of the 
considerable p o t e n t i a l of the Tauorga p r o j e c t . 
I n F i g s . 7.3.1 - 7.3.5 we use a matrix technique to 
i l l u s t r a t e i n r e l a t i v e terms, the degrees of interdependence 
between f a c t o r s , u t i l i s i n g the f o l l o w i n g value symbols -
+ P o s i t i v e dominant linkage; means improvement of a g r i c u l t u r e 
development, s u i t a b l e , 
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Negative dominant l i n k a g e ; means r e t a r d a t i o n or prevention 
of a g r i c u l t u r e development, un s u i t a b l e . 
o Neutral dominant li n k a g e ; means no i n f l u e n c e . 
? Possibly negative dominant l i n k a g e ; means u n c e r t a i n , but 
more l i k e l y u n s u i t a b l e . 
Blank entry n i l i n p u t ; means t h i s f a c t o r has not applied 
so f a r . 
An example i s given below f o r each case:-
Where the dominant f a c t o r had an improvement i n f l u e n c e 
on the c o n s t r u c t i o n or operation of any secondary f a c t o r t h i s i s 
i n d i c a t e d by a p o s i t i v e sign (+) e.g. the r e s u l t of in t e r d e p -
endence of the supply, the f i x e d c a p i t a l and the c o n s t r u c t i o n 
of the i r r i g a t i o n or drainage systems. 
Where the dominant f a c t o r had an adverse inf l u e n c e on the 
c o n s t r u c t i o n or operation of any secondary f a c t o r t h i s i s 
in d i c a t e d by a negative sign (-) e.g. the r e s u l t of interdep-
endence between poor t e c h n i c a l supervision of heavy machinery 
and the misuse of the equipment. 
Where the dominant f a c t o r had no influence on the con-
s t r u c t i o n or operation of any secondary f a c t o r t h i s i s i n d i c a t e d 
by a n e u t r a l sign (o) e.g. the interdependence between the 
workshop and climate i s almost zero. 
Where the dominant f a c t o r had an uncer t a i n i n f l u e n c e on the 
operation of any secondary f a c t o r t h i s i s i n d i c a t e d by an 
u n c e r t a i n t y sign (?) e.g. the r e s u l t of interdependence o f water 
q u a n t i t y w i t h the leaching and reclamatory c u l t i v a t i o n processes. 
Where the dominant f a c t o r had not been applied y e t , then 
the interdependence i n f l u e n c e on the secondary f a c t o r i s not 
known and w i l 1 . be i n d i c a t e d by a blank s i g n . 
a. Planned or h y p o t h e t i c a l interdependence 
( i ) Second phase - Stage 1, c o n s t r u c t i o n 
1. C a p i t a l " f i x e d " : Libya w i t h i t s large o i l revenue can a f f o r d 
(see pp. 16-17) the b vying o f the (6) re q u i r e d heavy machinery, 
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equipment, t o o l s and c o n s t r u c t i o n m a t e r i a l s to b u i l d the (7) 
i r r i g a t i o n system, (8) drainage system and the (11) c e n t r a l v i l l a g e 
and to p l a n t the (10) wind breaks according to the s p e c i f i c 
c o n d i t i o n s of the p r o j e c t area. 
2. Management : Imported know-how WAKUTI (see p.31 ) , was brought 
i n to act on behalf of the Libyan management as advisers and 
consultants to organize the (4) t e c h n i c i a n s , (5) labourers, (6) 
heavy machinery and the (9) earth works and to manage the 
c o n s t r u c t i o n of the p r o j e c t ' s components e.g. (7) i r r i g a t i o n 
system, (8) drainage system, (10) outer wind breaks and (11) 
c e n t r a l v i l l a g e . 
4 . Technicians and 5, Labourers : Since there i s no Libyan 
Company having the c a p a b i l i t y to operate the (6) heavy machinery 
f o r c a r r y i n g out the (9) e a r t h works and the c o n s t r u c t i o n of 
the (7) i r r i g a t i o n system, (8) drainage system the (11) c e n t r a l 
v i l l a g e by the (4) technicians and the (3) labourers and 
p l a n t a t i o n of the (10) wind breaks, given the abundant Libyan 
(1) c a p i t a l , t h e c o n s t r u c t i o n Company, Boheira, was imported to 
b u i l d and construct t h i s p r o j e c t according to the t e c h n i c a l 
s p e c i f i c a t i o n . Fig. No. 7.3.1 shows these consequences. 
( i i ) Second phase - Stage 2, s o i l p r e p a r a t i o n 
1. Capi t a l a p p l i c a t i o n and investment : The Libyan government 
has no problems i n f i n a n c i n g the supply of a l l items f o r the 
p r o j e c t ' s s o i l p r e p a r a t i o n , such as the r e q u i r e d a g r i c u l t u r a l 
machinery f o r (3) s o i l l e v e l l i n g and f o r the (20) reclamatory 
c u l t i v a t i o n w i t h t he necessary seeds, f e r t i l i z e r s e t c . and 
p l a n t i n g o f the (21) inner wind breaks. Also i t i s not d i f f i c u l t 
to pay a l l wages f o r the (7) management, (8) know-how, (9) s k i l l e d 
workers (10) maintenance labourers, (13) f u t u r e s e t t l e r s * and 
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(19) agro-technicians; and t o supply the necessary elements f o r 
(11 and 14) education and (12 and 15) t r a i n i n g . Furthermore 
there i s no problem of supplying and p r o v i d i n g an equipped 
(18) workshop and to supply the necessary cost of keeping the 
p r o j e c t ' s components maintained. 
2. Climate : This semi a r i d c l i m a t e (see pp. 48-50) w i l l adversely 
a f f e c t the (4) s o i l s a l i n i t y which consequently a f f e c t the (20) 
reclamatory c u l t i v a t i o n . But the (7) management supported 
by the (8) know-how, the (5) water q u a n t i t y and to some extent 
the outer wind breaks and the (21) i n t e r n a l wind breaks w i l l 
m i t i g a t e the n e g a t i v i t y of the c l i m a t e . 
3. S o i l l e v e l l i n g : L e v e l l i n g i s required i n order t o make f l o o d 
i r r i g a t i o n e i t h e r f o r the (17) i r r i g a t i o n production or f o r (16) 
leaching. Thus accurate l e v e l l i n g of the s o i l which w i l l be 
c a r r i e d out by the (9) s k i l l e d workers w i l l guarantee an even 
d i s t r i b u t i o n of water and the a p p l i c a t i o n of the r i g h t q u a n t i t y 
of water which w i l l a f f e c t p o s i t i v e l y the (4) s o i l s a l i n i t y and 
the (20) reclamatory c u l t i v a t i o n and the production phase. 
4. S o i l s a l i n i t y : The s o i l s of the area selected f o r the p r o j e c t 
are v a r i a b l e i n t e x t u r e , s t r u c t u r e (see App-B1&B3) and degree of 
s a l i n i t y (see App-Bl ) ; but the (5) q u a n t i t y and the (6) q u a l i t y 
of the i r r i g a t i o n water are such t h a t by the (17) leaching and 
the (16) i r r i g a t i o n a decrease i n s a l i n i t y and thus an increase 
i n the improvement of the s o i l f o r the (20) reclamatory c u l t i v a t i o n 
and f o r a g r i c u l t u r a l production can be expected; the (11) educated 
and (12) t r a i r ^ d s e t t l e r s / l a b o u r e r s and (22) maintenance w i l l 
make t h i s expectation p o s s i b l e . 
5. Water q u a n t i t y and 6. Water q u a l i t y : The water q u a n t i t y 
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and q u a l i t y are adequate f o r leaching, f o r decreasing the (4) 
s o i l s a l i n i t y and f o r the recommended cropping p a t t e r n , the 
i r r i g a t i o n (see p 71-75) and the drainage systems (see pp.78-79) are 
designed t o s a t i s f y the water demands of a g r i c u l t u r a l production 
under the given circumstances. 
7. Management : The low c a p a b i l i t y of the Libyan management to 
manage the (3) s o i l l e v e l l i n g t o be c a r r i e d out by the imported 
(9) s k i l l e d workers i n order to make a p p l i c a t i o n of water of (16) 
i r r i g a t i o n and (17) leaching processes possible i s d o u b t f u l . 
Proper experience of the management i n c o n t r o l l i n g the (4) s o i l 
s a l i n i t y , organizing the (18) workshop, supervising the (20) 
reclamatory c u l t i v a t i o n performed by the (19) agro-technicians 
and to keep the (22) p r o j e c t ' s components maintained are also 
d o u b t f u l . But the imported (8) know-how (see p. 33 ) w i l l act as 
advisory and consultants service (see p.109 ) on the above mentioned 
items f o r the management behalf and thus these problems could 
be overcome. 
7. S k i l l e d workers : Given accurate (3) s o i l l e v e l l i n g to be 
(8) the know-how and supervised by (19) agro-technicians w i l l 
guarantee proper d i s t r i b u t i o n of water f o r (16) leaching processes 
which consequently w i l l help (4) s o i l s a l i n i t y to be decreased. 
(17) i r r i g a t i o n processes and the accurate a p p l i c a t i o n of the 
a g r i c u l t u r a l machineries f o r seeding, f e r t i l i z i n g and ploughing 
under of green manure etc. w i l l encourage proper (20) reclamatory 
c u l t i v a t i o n which w i l l help improve the s o i l s t r u c t u r e . 
10. Maintenance Labourers : An adequate number was assumed to 
e x i s t i n the Tauorga region (see pp.98-103). Their (11) education 
at the school i n the c e n t r a l v i l l a g e w i l l guarantee, at l e a s t , 
s k i l l e d lab c a r r i e d out ourers planned by (7) the management, 
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t h a t they w i l l be able to deal w i t h f i g u r e s , and (12) t h e i r 
t r a i n i n g by the maintenance team's foreman on the r e p a i r i n g and 
maintenance work w i l l keep the (22) maintenance of i r r i g a t i o n , 
drainage systems and c e n t r a l v i l l a g e at the r e q u i r e d standard t o 
operate continuously and thus the (16) i r r i g a t i o n and the (17) 
leaching processes w i l l not be i n t e r r u p t e d which w i l l lead to 
reasonably good (20) reclamatory C u l t i v a t i o n . 
13. Future s e t t l e r s : Out of the 1347 f a m i l i e s i n Tauorga region 
(see p. 99 ) there are enough f a m i l i e s to occupy the 300 farms; 
t h e i r (14) education at school i n the c e n t r a l v i l l a g e w i l l enable 
them to deal w i t h f i g u r e s , to use book keeping and to understand 
modern farming; t h e i r (15) t r a i n i n g by the (21) agro-technicians 
i n the modern techniques of farming w i l l enable them to execute 
the (16) leaching and (17) i r r i g a t i o n processes and promote the 
progress of the p r o j e c t . 
16. Leaching and 17. I r r i g a t i o n processes : With accurate (3) 
s o i l l e v e l l i n g by the (9) s k i l l e d workers which w i l l make even 
d i s t r i b u t i o n of water p o s s i b l e , a proper c o n t r o l of the water 
q u a n t i t i e s e i t h e r f o r leaching purposes or f o r the (20) reclamatory 
c u l t i v a t i o n by the (15) t r a i n e d (14) educated s e t t l e r s , and proper 
maintenance of the i r r i g a t i o n and drainage systems by the 
maintenance team w i l l guarantee a s a t i s f a c t o r y water use f o r 
leaching and i r r i g a t i o n . 
18. Workshop : As long as i t i s equipped w i t h the required appar-
atus, t o o l s , q u a l i f i e d s t a f f and a g r i c u l t u r e machinery operated by 
the (9) s k i l l e d workers, the workshop w i l l be capable of keeping 
the p r o j e c t machinery i n good c o n d i t i o n to be used f o r c a r r y i n g 
out the a g r i c u l t u r a l operations. Thus the (16) leaching processes, 
(17) i r r i g a t i o n processes, (19) agro-technicians and (22) main-
tenance of i r r i g a t i o n , drainage systems etc. w i l l not be hindered. 
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19. Agro-1echnici an s : These have t o t r a i n the (13) s e t t l e r s 
and to supervise the performing of (3) s o i l l e v e l l i n g , c o n t r o l l i n g 
the (4) s o i l s a l i n i t y , the (16) leaching the (17) i r r i g a t i o n 
processes and every s i n g l e operation of the (20) reclamatory 
c u l t i v a t i o n (see pp. 129-153). This wide requirement w i l l create 
i n i t i a l d i f f i c u l t i e s , but w i l l be overcome a f t e r the (19) agro-
technicians gain experience at the s i t e and by proper (7) 
management supported by (8) know-how. 
20. Reclamatory c u l t i v a t i o n : With proper (7) management supported 
w i t h (8) know-how, proper c o n t r o l of the (4) s o i l s a l i n i t y by the 
(19) agro-technicians, proper (3) s o i l l e v e l l i n g by q u a l i f i e d 
(9) s k i l l e d workers, a r r i v a l of the imported seed, f e r t i l i z e r s , 
machinery etc. at the r i g h t time, proper (16) i r r i g a t i o n and (17), 
leaching and good performance of (18) workshop. The reclamatory 
c u l t i v a t i o n w i l l indeed improve the s o i l s t r u c t u r e which e v e n t u a l l y 
w i l l lead to an increase of the a g r i c u l t u r a l p r o d u c t i o n , Fig. 
No. 7.3.2 shows these consequences. 
( i i i ) T h i r d phase - production phase 
1. Project l o c a t i o n : The highway allows easy (15) t r a n s p o r t to 
the markets e i t h e r f o r f r e i g h t i n g the farm outputs f o r (17) 
s e l l i n g or supplying the p r o j e c t w i t h farm i n p u t s . This easy access 
to the markets w i l l p o s i t i v e l y a f f e c t the (18) f a m i l y income. 
2. Land tenure : Land (3) w i l l be a l l o c a t e d t o the s e t t l e r s and 
thus they become owners of farms i n the p r o j e c t ; w i t h (9) residence 
provided i n the c e n t r a l v i l l a g e , which also contains a l l the (8) 
necessary services and w i t h a r e a l i s t i c (18) f a m i l y income from 
the farm the l i f e w i l l be a t t r a c t i v e f o r those s e t t l e r s and thus a 
s e t t l e d community w i l l be formed i n t h i s r e g i o n . 
3. Land a l l o c a t i o n : The p r o j e c t area which w i l l be d i v i d e d i n t o 
300 farms, 10 ha. f o r each f a m i l y guarantee t h a t each farm i s 
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l o c a t e d i n a p o s i t i o n where t r a n s p o r t a t i o n o f i n p u t s and o u t p u t s 
access i s p o s s i b l e and the (18) f a m i l y income from t h e (10) 
farm s i z e i s enough t o match t h e f a m i l y r e q u i r e m e n t s . 
4 . A g r i c u l t u r e c o o p e r a t i v e : W i l l a c t as (4) an a d v i s o r y s e r v i c e 
f o r t he s e t t l e r s s u p p l y i n g them w i t h u p - t o - d a t e f a r m i n g i n f o r m a t i o n , 
s u p p l y i n g them w i t h i n p u t s such as machinery, seeds and f e r t i l i z e r s 
e t c . a t a reduced p r i c e and m a r k e t i n g t h e i r a g r i c u l t u r a l p r o d u c t s . 
F u r t h e r m o r e , t h r o u g h t h e a g r i - c o o p , t h e s e t t l e r s w i l l be 
e n t i t l e d f o r f r e e l o a n i n t e r e s t (see p.20-22) Such f a c i l i t i e s 
w i l l encourage t h e s e t t l e r s towards g r e a t e r a g r i c u l t u r a l p r o d -
u c t i v i t y , w hich means more (18) income from t h e farms. 
8. C e n t r a l v i l l a g e : This i s the p l a c e o f (9 ) r e s i d e n c e and t h e 
(8) s o c i a l s e r v i c e s (see pp. 203-205)for the 300 f a m i l i e s and the 
o p e r a t i v e s t a f f i n the p r o j e c t . These r e s i d e n c e s and s o c i a l 
s e r v i c e s t o g e t h e r w i t h (18) r e a l i s t i c income from the farm w i l l 
mean a f a r b e t t e r l i f e compared w i t h the l i v i n g c o n d i t i o n s i n t h e 
o a s i s . T h i s w i l l be a remarkable step towards the c r e a t i o n o f a 
v i a b l e and prosperous s e t t l e m e n t . Furthermore the a g r i c u l t u r a l 
s e r v i c e s i n t h e c e n t r a l v i l l a g e such as the (4 ) a g r i - c o o p 
a d m i n i s t r a t i o n , the workshop, the warehouse e t c . (see pp.122-123) 
w i l l encourage a g r i c u l t u r e p r o d u c t i o n i n the p r o j e c t . 
10o Farm s i z e : The average p l o t o f 10 ha. w i l l be r u n by t h e 
f a m i l y , (average f a m i l y i n c l u d e s 8 p e r s o n s ) . Each f a m i l y w i l l 
most p r o b a b l y have o n l y two f u l l t i m e l a b o u r e r s , but from the 
(13) a v a i l a b l e l a b o u r e r s , two l a b o u r e r s have t o be h i r e d . 
However, the r e s u l t i n g expenses would n o t be so g r e a t as t o 
t h r e a t e n t h e f a m i l y income. 
16„ Farm o u t p u t s : The o u t p u t s e i t h e r f o r (16) consumption or f o r 
'(17) s a l e i s based on an e f f e c t i v e s o i l p r e p a r a t i o n ( l e a c h i n g 
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and r e c l a m a t o r y c u l t i v a t i o n and an e f f e c t i v e a g r i c u l t u r a l p r o d -
u c t i o n ; The f a c i l i t i e s s u p p l i e d by t h e a g r i - c o o p ( 4 , 5, 6) e t c . 
t h e (15) t r a n s p o r t a t i o n and t h e f a v o u r a b l e m a r k e t i n g s i t u a t i o n 
(see pp.165-168) would r e s u l t i n a good (18) f a m i l y income. 
F i g . No. 7.3.3 shows these consequences. 
b. Interdependence o f t h e i n p u t f a c t o r s 
I n R e a l i t y 
T h is s e n s i t i v e p r o j e c t has i t s n a t u r a l problems and 
t h e r e f o r e must be t r e a t e d v e r y c a r e f u l l y because any s l i g h t m i s t a k e 
w i l l r e s u l t i n major problems. 
Here t h e r e s u l t o f i nterdependence o f t h e development 
f a c t o r s are shown s e p a r a t e l y i n F i g . Nos. 7.3.4 & 7.3.5. 
( i ) Second phase, Stage 1, c o n s t r u c t i o n 
1. C a p i t a l " f i x e d " : No problems o f f i n a n c i a l b a c k i n g a r i s e here 
d u r i n g t h e c o n s t r u c t i o n o f t h e p r o j e c t components except f o r some 
del a y s i n c o n t r a c t o r s ' payments. On balance t h i s remains as i n 
t h e h y p o t h e t i c a l case. 
3. Know-how : A l t h o u g h the know-how was i m p o r t e d from W. Germany, 
WAKUTI KG, i n o r d e r t o overcome th e (3) management problems o f 
o r g a n i z i n g , managing and s u p e r v i s i n g t h i s c o n s t r u c t i o n phase, 
n e v e r t h e l e s s , shortcomings appeared i n t h e c o n s t r u c t i o n o f t h e 
(7) i r r i g a t i o n system, (8) d r a i n a g e system, (9) e a r t h works and 
(10) c e n t r a l v i l l a g e ( s e e pp. 212-214), The q u e s t i o n a r i s e s , how t o 
e x p l a i n t h e know-how's (+) p o s i t i v e dominant l i n k a g e as i t i s 
i n t e r d e p e n d e n t w i t h t h e c o n s t r u c t i o n items which f a i l e d . From 
o b s e r v a t i o n i t appears t h a t t h e a p p l i c a t i o n o f know-how t o the 
p r o j e c t was u l t i m a t e l y t h e r e s p o n s i b i l i t y o f i n e x p e r i e n c e d l o c a l 
managers who r e p r e s e n t e d the L i byan government. The a d v i s o r y , 
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s u p e r v i s i n g and c o n s u l t i n g f o r e i g n s p e c i a l i s t s who p r o v i d e d t h e 
know-how were f i n a l l y s u b o r d i n a t e t o Li b y a n management and th u s 
t h e a c t u a l w o r k i n g d e c i s i o n s remained i n e s c a p a b l y i n i n e x p e r i e n c e d 
l o c a l hands. 
4. T e c h n i c i a n s and 5.Labourers : The i m p o r t e d t e c h n i c i a n s proved 
t o be unable t o execute t he r e q u i r e d c o n s t r u c t i o n processes 
p r o p e r l y . T h e i r misuse o f t h e (6) heavy machinery l e d t o improper 
c o n s t r u c t i o n o f (9) e a r t h works c a u s i n g t h e d e t e r i o r a t i o n o f 
a r a b l e l a n d and i t s e x c l u s i o n from c u l t i v a t i o n (see p 212 ) 
Bad earthworks were n e g a t i v e l y r e f l e c t e d on (7) i r r i g a t i o n system 
c o n s t r u c t i o n (see p.212 ) ; a l s o improper compaction a t t h e s i d e s 
o f t h e (8) d r a i n s has l e d t o s e r i o u s problems (see p 216) as 
w e l l as t o s l i g h t problems i n the (11) c e n t r a l v i l l a g e . 
The i m p o r t e d company proved t o be unable t o c o n s t r u c t t h e 
p r o j e c t a c c o r d i n g t o t h e t e c h n i c a l s p e c i f i c a t i o n and had made 
s e v e r a l t e c h n i c a l m i s t a k e s (see pp. 212-214) d u r i n g t h e c o n s t r u c t i o n 
o f t h e p r o j e c t ' s components. Furthermore t h i s company d i d n o t 
manage t o c o n s t r u c t t h e p r o j e c t w i t h i n t he scheduled t i m e 
F i g . No. 7.3.4 shows t h e consequences. 
( i i ) Second phase, Stage 2, s o i l p r e p a r a t i o n 
1. C a p i t a l a p p l i c a t i o n and i n v e s t m e n t : No f i n a n c i a l problems 
arose but t h e r e were d e l a y s i n i m p o r t i n g and i n s u p p l y i n g a l l 
items f o r t h e p r o j e c t ' s s o i l p r e p a r a t i o n . These i n c l u d e d t h e 
r e q u i r e d a g r i c u l t u r a l machinery f o r (3) s o i l l e v e l l i n g and f o r 
the (20) r e c l a m a t o r y c u l t i v a t i o n and t h e necessary seeds, 
f e r t i l i z e r s e t c . (see pp. 228-230)and p l a n t a t i o n o f (21) i n n e r wind 
b r e a k s . Also no problems arose i n p a y i n g t h e wages f o r t h e (7) 
management s t a f f , (8) know-how, (9) s k i l l e d w o r k e r s , (10) 
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maintenance l a b o u r e r s , ( 3) f u t u r e s e t t l e r s and (19) agro-
t e c h n i c i a n s . The p r o v i d i n g o f t h e necessary elements f o r (11 and 
14) e d u c a t i o n and (12 and 15) t r a i n i n g d i d not t a k e p l a c e , b u t 
not because o f l a c k o f c a p i t a l . Furthermore t h e r e was no problem 
i n s u p p l y i n g and p r o v i d i n g an equipped (18) workshop and t o 
supply t h e necessary c o s t o f keeping t h e p r o j e c t ' s components 
m a i n t a i n e d . 
2. C l i m a t e : There c o u l d be no major c l i m a t i c problems, b u t 
t h r o u g h (7) poor management such as, i n t h i s c o n t e x t , n o t p l o u g h i n g 
t h e s o i l a t t h e r i g h t t i m e t o g e t h e r w i t h a h i g h water t a b l e 
(see pp. 216-21^ r e s u l t i n g i n r e - s a l i n a t i o n phenomena. This a d v e r s e l y 
a f f e c t e d t h e (4) s o i l s a l i n i t y w hich c o n s e q u e n t l y a f f e c t s t h e 
(20) r e c l a m a t o r y c u l t i v a t i o n . The (21) i n n e r and t h e o u t e r wind 
breaks proved inadequate safeguards a g a i n s t t h e g h i b l i . 
3. S o i l l e v e l l i n g : As t h e f l o o d method e i t h e r f o r (16) l e a c h i n g 
or (17) i r r i g a t i o n purposes had t o be a p p l i e d , a v e r y a c c u r a t e 
l e v e l l i n g o f t h e s o i l i s r e q u i r e d , b u t t h i s t a s k c o u l d not 
ad e q u a t e l y be performed by (9) the s k i l l e d workers and thus even 
d i s t r i b u t i o n and a p p l i c a t i o n o f t h e r i g h t q u a n t i t y o f water c o u l d 
n o t be guaranteed. As t h i s c o i n c i d e d w i t h (7) bad management t h e 
(4) s o i l s a l i n i t y and c o n s e q u e n t l y (20) r e c l a m a t o r y c u l t i v a t i o n 
were n e g a t i v e l y a f f e c t e d and o f course poor e x p e c t a t i o n s f o r t h e 
p r o d u c t i o n phase are p r e d i c t e d . 
4. S o i l s a l i n i t y : The degree o f s a l i n i t y i n the s o i l o f t h e area 
s e l e c t e d f o r the p r o j e c t c o u l d not be decreased as planned 
(see pp. 152-155). (16) l e a c h i n g (see pp. 215-216)and (17) i r r i g a t i o n processes 
were n ot performed p r o p e r l y and always t h e breakdown c o i n c i d e d 
w i t h (22) bad maintenance, thus t h e improvement o f the s o i l f o r 
(20) r e c l a m a t o r y c u l t i v a t i o n and f o r a g r i c u l t u r e p r o d u c t i o n c o u l d 
no" K e obt - ir.ed. 
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5 0 Water q u a n t i t y : The lower a v a i l a b l e water q u a n t i t y 
(see pp.63-64 ) w i l l n o t be adequate f o r l e a c h i n g t o decrease (4) 
s o i l s a l i n i t y and f o r t h e recommended c r o p p i n g p a t t e r n 
The i r r i g a t i o n and the d r a i n a g e systems are n o t w e l l enough 
c o n s t r u c t e d t o s a t i s f y the water demands o f a g r i c u l t u r a l produc-
t i o n under the g i v e n c i r c u m s t a n c e s ; the f r e q u e n t breaks o f t h e 
main i r r i g a t i o n c a n a l (see p.214 ) and t h e n o n - f u n c t i o n i n g o f 
t h e d r a i n s proved t h a t . 
7. Management : A l t h o u g h (8) know-how was i m p o r t e d t o a c t as 
a d v i s o r s and c o n s u l t a n t s on b e h a l f o f t h e management, most o f 
the problems and d i f f i c u l t i e s t o be a v o i d e d remained as b a r r i e r s . 
Thus (3) s o i l l e v e l l i n g and (4) s o i l s a l i n i t y c o u l d not be p r o p e r l y 
c o n t r o l l e d . Also due t o bad management o f water the s o i l / w a t e r 
r e l a t i o n s h i p (16) l e a c h i n g and (17) i r r i g a t i o n processes c o u l d 
n o t be performed p r o p e r l y . F u r t h e r m o r e , t h e management d i d n o t 
c a r r y out the planned e d u c a t i o n a l and t r a i n i n g programmes f o r 
(10) maintenance l a b o u r e r s and (13) f u t u r e s e t t l e r s . These 
n e g a t i v e l y r e f l e c t e d on t h e s o i l and on (20) r e c l a m a t o r y c u l t i v -
a t i o n . Managing, o r g a n i z i n g and s u p e r v i s i n g o f o p e r a t i o n s i n t h e 
p r o j e c t c a l l e d f o r e x p e r i e n c e d management, b u t the f r e q u e n t 
changes i n management d e s t r o y e d t h e chance of g a i n i n g e x p e r i e n c e . 
F a i l u r e t o a p p o i n t people w i t h r i g h t s k i l l s t o a p p r o p r i a t e 
p o s i t i o n s l e d t o bad management o f the p r o j e c t . 
9. S k i l l e d l a b o u r e r s : The s k i l l e d workers were i n f a c t i n c a p a b l e 
o f c a r r y i n g out (3) s o i l l e v e l l i n g p r o p e r l y which made (16) 
l e a c h i n g and (17) i r r i g a t i o n processes i n s i d e t h e f i e l d s v e r y 
d i f f i c u l t and n e g a t i v e l y a f f e c t e d (4) s o i l s a l i n i t y . They were 
unable t o c a r r y out the a g r i c u l t u r e o p e r a t i o n s p r o p e r l y such 
as p l o u g h i n g , e a r t h embankments, se e d i n g , f e r t i l i s i n g and 
p l o u g h i n g under e t c . and t h e y were unable t o i n s t r u c t (13) f u t u r e 
s e t t l o r s irx t e c h n i c a l m a t t e r s . Furthermore they were unable t o 
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keep the d r a i n s m a i n t a i n e d . These problems n e g a t i v e l y -
r e f l e c t e d on (20) r e c l a m a t o r y c u l t i v a t i o n . 
10. Maintenance Labourers : The number of maintenance l a b o u r e r s 
(see pp. 225-227)employed were not s u f f i c i e n t , a management respons-
i b i l i t y (7) t o keep (22) maintenance o f t h e i r r i g a t i o n and 
d r a i n a g e systems i n o r d e r . Thus (16) l e a c h i n g and (17) i r r i g a t i o n 
processes were i n t e r r u p t e d which n e g a t i v e l y i n f l u e n c e d (20) 
r e c l a m a t o r y c u l t i v a t i o n . 
11. Education and 12. T r a i n i n g d i d n o t take p l a c e and thus 
t h e i r i n f l u e n c e c o u l d n o t be examined. 
13. F u t u r e s e t t l e r s * : I t i s t r u e t h a t t h e r e are enough f a m i l i e s 
t o occupy the 300 farms (see p 99 ) , but so f a r t h e proposed 300 
f a m i l i e s are not chosen** because n e i t h e r the c e n t r a l v i l l a g e 
nor the r e c l a i m e d l a n d were ready t o be a l l o c a t e d . 
14. E d u c a t i o n d i d n o t take p l a c e and thus i t s i n f l u e n c e c o u l d 
n o t be examined. 
15. T r a i n i n g was m i n i m a l and ( ^ ) a g r o = t e c h n i c i a n s were unable 
t o t r a i n s e t t l e r s i n modern f a r m i n g and p r o p e r (16) l e a c h i n g and 
(17) i r r i g a t i o n o p e r a t i o n i n s i d e the f i e l d s . 
16. Leaching and (17) I r r i g a t i o n processes : Leaching and (20) 
r e c l a m a t o r y c u l t i v a t i o n processes were s t a r t e d i n t h e p r o j e c t t o 
prepare the s o i l f o r the p r o d u c t i o n phase, b u t (9) s k i l l e d workers 
c o u l d not p e r f o r m an a c c u r a t e (3) s o i l l e v e l l i n g . S i m u l t a n e o u s l y , 
some f u t u r e s e t t l e r s (13) and (10) maintenance l a b o u r e r s were 
i n t r o d u c e d t o the p r o j e c t . These were supposed t o be w e l l (11 
and 14) educated and (12 and 15) t r a i n e d , b u t i n f a c t had v e r y 
l i m i t e d e x p e r i e n c e o f modern f a r m i n g and were p o o r l y educated. 
The r e s u l t was t h a t s l u i c e gates were l e f t open, the amount o f 
water a p p l i e d t o the f i e l d s v a r i e d g r e a t l y f r o m t h e q u a n t i t i e s 
* F u t u r e s e t t l e r s : t o be i n t r o d u c e d t o t h e p r o j e c t as monthly 
l a b o u r e r s p a i d by GCMAP. 
** Only 100 f a m i l i e s are l i v i n g i n the c e n t r a l v i l l a g e now. 
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p r e s c r i b e d , t h e t i m i n g o f a p p l i c a t i o n o f i r r i g a t i o n water was 
i r r e g u l a r , e t c . The combined r e s u l t s o f these m i s t a k e s were 
s o i l e r o s i o n , i n c r e a s e d (4) s o i l s a l i n i t y and t h e (5) waste o f 
i r r i g a t i o n water. (16) Leaching processes have t o be performed 
by (13) f u t u r e s e t t l e r s who had never done i t b e f o r e , keeping 
i n mind i n a c c u r a t e (3) s o i l l e v e l l i n g which made even d i s t r i b -
u t i o n of water i m p o s s i b l e (see p.219). Thus t h e amount o f water 
a p p l i e d was sometimes too s m a l l and sometimes water was a l l o w e d 
t o f l o w i n an u n c o n t r o l l e d f a s h i o n i n t o t h e f i e l d s (see p.215). 
D r a i n s which were supposed t o c a r r y away t h e s a l t y water d i d n o t 
f u n c t i o n p r o p e r l y because of inadequate and improper (22) 
maintenance (see p.216) by (10) maintenance l a b o u r e r s and due 
t o a p p l i c a t i o n o f the wrong machinery caused by (7 ) unwise 
management and t h r o u g h l a c k o f e x p e r i e n c e on the p a r t o f (9) 
s k i l l e d w orkers. T h i s e v e n t u a l l y l e d t o a r i s i n g water t a b l e 
(see p.216), r e - s a l i n a t i o n (see p.216) and the development 
of s i n k - h o l e s (see pp.217-218) which h i n d e r e d t h e l e a c h i n g 
p r o c e s s e s , (20) r e c l a m a t o r y c u l t i v a t i o n , slowed down p r o g r e s s i n 
t h e p r o j e c t as a whole and t h e c a p a c i t y o f the l a n d f o r s u p p o r t i n g 
c u l t i v a t i o n was reduced. 
18. Workshop : The poor performance of t h e workshop 
(see pp.219-220) c o u l d be a t t r i b u t e d t o t h e f a c t t h a t i t i s 
n o t o p e r a t e d by an e n t i r e l y q u a l i f i e d team; the bad use o f t h e 
a g r i c u l t u r a l machinery by (9) s k i l l e d workers and poor (7) manage-
ment. Thus t h e c o n d i t i o n o f machinery (see Table 5-1.3.5) 
became poor and sometimes the r e q u i r e d machines were not ready 
a t need. Consequently (16) l e a c h i n g and (17) i r r i g a t i o n 
processes were i n t e r r u p t e d , (20) r e c l a m a t o r y c u l t i v a t i o n was 
n o t as i t s h o u l d be (see pp.214-224) and (22) maintenance of t h e 
p r o j e c t components were d i f f i c u l t t o p e r f o r m w i t h t h e absence 
o f the r i g h t machines. 
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19. Agro- t e c h n i c i a n s : They proved unable t o show (13) f u t u r e 
s e t t l e r s and (9) s k i l l e d workers how t o a d j u s t and a p p l y t h e 
machinery. They were unable t o s u p e r v i s e the p e r f o r m i n g o f (3) 
s o i l l e v e l l i n g and c o n t r o l l i n g t h e (4) s o i l s a l i n i t y . (16) 
Lea c h i n g and (17) i r r i g a t i o n process were j u s t as bad and as a 
r e s u l t o f t h a t t h e (20) r e c l a m a t o r y c u l t i v a t i o n c o u l d n o t be 
p e r f o r m e d , I t was v e r y c l e a r t h a t t h e a g r o - t e c h n i c i a n s have 
s e v e r a l d i f f e r e n t d u t i e s and a remarkable amount o f t h e i r e f f o r t s 
were spent on t h e l a b o u r e r s ' a d m i n i s t r a t i v e a f f a i r s . 
20. Reclamatory c u l t i v a t i o n : Poor adju s t m e n t o f t h e a g r i c u l t u r a l 
machinery due t o the l a c k o f e x p e r i e n c e o f (9) s k i l l e d workers 
caused s e r i o u s damage i n t h e f i e l d a l r e a d y l e v e l l e d . T his made 
a p p l i c a t i o n o f water f o r i r r i g a t i o n o f t h e green manure crops v e r y 
d i f f i c u l t . A l s o d u r i n g r e c l a m a t o r y c u l t i v a t i o n seeds were sometimes 
p l a c e d t o o deep i n the s o i l (see p.219 ) due t o c a r e l e s s n e s s o f 
(9) s k i l l e d workers on t h e p a r t o f t h e t r a c t o r d r i v e r s . The f a c t 
t h a t machinery, seeds, f e r t i l i z e r s e t c . had t o be i m p o r t e d from 
abroad and v e r y o f t e n were not o b t a i n e d a t the r i g h t t i m e was a 
f u r t h e r p r oblem and i n p a r t negated t h e p o s i t i v e f a c t o r o f 
a v a i l a b i l i t y o f c a p i t a l . Due t o (7) bad management, i l l - t i m e d 
e x e c u t i o n o f t h e p r o j e c t and poor performance o f (9) s k i l l e d 
workers i n t h e p r e p a r a t i o n o f f i e l d s t h e p r o j e c t was unable t o 
make f u l l use o f t h e p o t e n t i a l s o i l f e r t i l i t y and t o b u i l d up a 
f a v o u r a b l e s o i l s t r u c t u r e which a b a s i c r e q u i r e m e n t f o r t h e 
p r o d u c t i o n s t a g e . 
22. Maintenance o f i r r i g a t i o n and d r a i n a g e system : Maintenance 
o f t h e p r o j e c t components i s e s s e n t i a l i n o r d e r t o keep t h e 
p r o j e c t f u n c t i o n i n g , b u t t h i s was n o t so i n t h i s p r o j e c t . The 
(10) number o f maintenance l a b o u r e r s was n o t enough t o keep t h e 
i r r i g a t i o n c a n a l s and d r a i n a g e d i t c h e s i n good c o n d i t i o n s and 
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they were n o t able t o execute major maintenance j o b s , b u t an 
e x t e r n a l c o n t r a c t o r has t o be h i r e d , as when the main i r r i g a t i o n 
c a n a l i s broken. 
Due t o (7) poor management s u p e r v i s i o n and c a r e l e s s n e s s o f the 
l a b o u r e r s (2) an a p p a r e n t l y minor element o f c l i m a t e , t h e d u s t y 
w i n d , blows d r y bushes, empty f e r t i l i z e r bags and sand i n t o the 
d i t c h e s b l o c k i n g c u l v e r t s and p i p e s w h i c h caused s e r i o u s problems 
when r a i n f e l 1 (see pp. 216&242). The i r r i g a t i o n c a n a l s were t r e a t e d 
j u s t as c a r e l e s s l y as the d i t c h e s . (9) s k i l l e d workers were 
not a b l e t o c l e a n the d r a i n s o f weeds and sand and t h e i r 
a p p l i c a t i o n o f t h e wrong machinery l e d t o d e s t r u c t i o n o f t h e 
s i d e - s l o p e s and g r a d i e n t . (18) Workshop has a hand i n t h i s bad 
maintenance as sometimes t h e r i g h t machinery i s n o t ready when i t 
i s wanted;Fig. No. 7.3.5 shows these consequences. 
T h i r d Phase 
As t h e p r o d u c t i o n phase has not been implemented so f a r 
and thus t h e r e are no s e t t l e r s , no farms a l l o c a t e d , no a g r i c u l t u r e 
c o o p e r a t i v e i n t r o d u c e d e t c . an interdependence a n a l y s i s of t h e 
development f a c t o r s i n t h e T h i r d Phase cannot be c a r r i e d o u t h e r e . 
Summary and C o n c l u s i o n 
1) I t has t o be born i n mind, not o n l y i n t h i s p r o j e c t , b u t 
i n any p r o j e c t t h a t -
a. F l e x i b i l i t y must be m a i n t a i n e d t o f a c i l i t a t e a d a p t a t i o n 
t o changing t e c h n i c a l , p o l i t i c a l and socio-economic 
c o n d i t i o n s 
b. However, o p t i o n s o f changing d e s i g n cannot be k e p t open 
f o r an i n d e f i n i t e t i m e p e r i o d i . e . t h e d e c i s i o n o f 
b u i l d i n g a p r o j e c t , w h i c h i s t a k e n today a c c o r d i n g t o 
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the e n g i n e e r i n g a s p e c t s , socio-economic a s p e c t s , c a p i t a l 
and market e t c . has t o be t a k e n on t h e b a s i s o f t h e 
b e s t f o r e c a s t f o r a s p e c i f i c f u t u r e p e r i o d and w i l l r a p i d l y 
l o s e v a l i d i t y a f t e r t h i s . 
2) I n any p r o j e c t t h e r e w i l l be c r i t i c a l convergence and 
divergence p o i n t s ; t h e r e w i l l n e c e s s a r i l y be a s e q u e n t i a l f l o w o f 
i n p u t s and s p e c i f i c t e c h n i c a l o p e r a t i o n s l i m i t e d t o r e a l t i m e 
p e r i o d s . Every o p e r a t i o n i s e s s e n t i a l t o the p r o g r e s s i o n o f t h e 
p r o j e c t t o the next o p e r a t i o n , n e x t stage and n e x t phase - any 
e x t e n s i o n o f t h e time t a k e n reduces the v a l i d i t y o f the f o r e c a s t s 
on which t h e d e s i g n was based. 
3) There are s e v e r a l k i n d s o f problems and d i f f i c u l t i e s which 
have h i n d e r e d t h e p r o j e c t ' s p r o g r e s s : 
a. Some de l a y e d i n d i v i d u a l i n p u t f a c t o r s caused d e l a y i n 
the n e x t s t e p o f performance. 
b. Other i n p u t f a c t o r s , i m p r o p e r l y h a n d l e d , l e d t o a 
temporary r e d u c t i o n i n the p r o j e c t ' s p r o g r e s s i o n and 
p r o d u c t i o n l e v e l . 
c. Other i n p u t f a c t o r s were a d v e r s e l y a f f e c t e d by t e c h n i c a l 
m i s t a k e s , l e a d i n g t o permanent r e d u c t i o n i n t h e p r o j e c t ' s 
p r o d u c t i o n . 
L a s t l y , t h e r e f o r e , the q u e s t i o n a r i s e s o f whether t h e 
p r o j e c t has e i t h e r p a r t l y or w h o l l y f a i l e d . Thus, si n c e i t c o u l d be 
m a i n t a i n e d t h a t the p r o j e c t ' s p r i m a r y o b j e c t i v e was t o c r e a t e 
300 f a m i l i e s o f f a r m e r - s e t t l e r s , by November 1975, and t h i s was 
not a c h i e v e d , t h e p r o j e c t may be seemed t o have f a i l e d . However, 
v a r i o u s s u b o r d i n a t e o b j e c t i v e s , e.g. t h e r e c l a m a t i o n o f new 
f a r m l a n d , o r , t h e e s t a b l i s h m e n t o f new a g r i c u l t u r a l p o t e n t i a l , may 
be s a i d t o have been p a r t i a l l y a c h i e v e d , a l t h o u g h t h e improper 
h a n d l i n g o f t h e e s s e n t i a l i n p u t f a c t o r s has reduced t h e l e v e l 
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o f performance t o a p o i n t s i g n i f i c a n t l y lower t h a n p r o j e c t e d i n 
t h e p l a n . 
Here i t would be u s e f u l once more t o ap p l y t h e concept o f 
th e Law o f t h e Minimum. F i r s t , a t t h e s m a l l s c a l e we c o u l d s t a t e : 
"By t h e d e f i c i e n c y or t h e absence o f one necessary c o n s t i t u e n t 
such as t h e main i r r i g a t i o n c a n a l , a l l t h e o t h e r f a c t o r s p r e s e n t 
such as t e c h n i c i a n s , l a b o u r e r s , heavy machinery, management e t c . , 
the i r r i g a t i o n system i s rendered i n e f f e c t i v e f o r a l l processes 
o f l e a c h i n g and i r r i g a t i o n , t o the l i f e o f those crops t o which 
t h a t one c o n s t i t u e n t i s i n d i s p e n s a b l e " . 
Secondly, on a l a r g e r s c a l e "By t h e d e f i c i e n c y or the 
absence o f one necessary c o n s t i t u e n t such as t h e management, a l l 
t h e o t h e r s p r e s e n t such as c l i m a t e , l a b o u r e r s , c a p i t a l and know-
how e t c . the p r o j e c t i s r e n d e r e d i n e f f e c t i v e f o r a l l processes o f 
development t o the l i f e o f which t h a t one c o n s t i t u e n t i s 
i n d i s p e n s a b l e " . 
The c o n t i n u i n g problem of inadequate l e a c h i n g and rec l a m -
a t o r y c u l t i v a t i o n , even i f t h e s m a l l number o f i l l - t r a i n e d 
s e t t l e r s had been a l l o c a t e d l a n d , would have r e s u l t e d i n even t h a t 
l a n d which was r e c l a i m e d and i s i n p r o d u c t i o n b e i n g s u b j e c t t o 
d e t e r i o r a t i o n . 
By the end o f 1977 t h e r e were no t r u e s e t t l e r s but o n l y 
wage-earning f a r m e r - l a b o u r e r s p r o d u c i n g a low volume o f a s m a l l 
range o f c r o p s , p a r t l y on a p r o d u c t i o n b a s i s , p a r t l y on a l a n d 
p r e p a r a t i o n base on a s m a l l e r area t h a n p l a n n e d , w i t h an i r r i g a t i o n 
system w o r k i n g w e l l below t h e o r e t i c a l c a p a c i t y . These 100 workers 
were l i v i n g i n the p a r t i a l l y completed c e n t r a l v i l l a g e and t h e 
o p e r a t i o n was s t i l l under t h e c o n t r o l o f t h e General Company. A l l 
th e i n f o r m a t i o n which i t has been p o s s i b l e t o o b t a i n s i n c e , suggests 
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t h a t t h e p r o j e c t area i s s t i l l on a "care and maintenance" b a s i s 
w i t h some s m a l l p r o d u c t i o n . 
4) I t i s obvious t h a t t h e s u i t a b i l i t y o f t h e i n d i v i d u a l 
d e v e l o p i n g f a c t o r s can e i t h e r be conducive t o success, or can be 
i n h i b i t i n g o r p o s s i b l y i n h i b i t i n g f o r development. However, these 
are n o t the o n l y elements which determine t h e f i n a l s t a t e o f t h e 
p r o j e c t development. 
The s u i t a b i l i t y o f some f a c t o r s can be changed because 
t h e i r i n f l u e n c e can be a f f e c t e d by o t h e r i n t e r d e p e n d e n t f a c t o r s . 
The r e s u l t o f t h i s i nterdependence i s the v i t a l and t h e c o n c l u s i v e 
f a c t o r i n d e t e r m i n i n g the s t a t e o f development. 
I t i s obvious a l s o t h a t i f t h e s u i t a b i l i t y o f an i n d i v i d u a l 
f a c t o r i s p o s i t i v e i t w i l l n o t n e c e s s a r i l y always m i t i g a t e t h e 
n e g a t i v i t y o f a n o t h e r i n d i v i d u a l f a c t o r . The o b t a i n i n g o f a 
p o s i t i v e l i n k a g e between dominant and s u b o r d i n a t e f a c t o r s r e q u i r e s 
a s u c c e s s f u l i n t e r - r e l a t i o n s h i p o f two/or more i n d i v i d u a l f a c t o r s : 
An example o f t h a t i s a f f o r d e d by c a p i t a l whose p o s i t i v e s u i t a b i l i 
i s d emonstrated by t h e su p p l y o f machines c o u l d be a f f o r d e d t o 
c o n s t r u c t t h e r e q u i r e d i r r i g a t i o n and d r a i n a g e systems i n o r d e r 
t o m i t i g a t e t h e n e g a t i v i t y o f t h e s a l i n e s o i l by l e a c h i n g ; thus 
h y p o t h e t i c a l l y i t was presumed t h a t t h e interdependence was as 
th e f o l l o w i n g e q u a t i o n : -
Interdependence o f 
C a p i t a l (+) \ 
T e c h n i c i a n s ( + ) 1 
Management C ? ) — — d o m i n a n t &- C o n s t r u c t i o n o f i r r . — 
f l i n k a g e and Drainage systems 
Labourers (+) \ 
Know-how (+) , 
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a» Access t o good l e a c h i n g s o i l f r e e o f s a l t s . 
But i n r e a l i t y t h i s process r e q u i r e d f i v e i n d i v i d u a l f a c t o r s 
i n t e r d e p e n d e n t w i t h every o t h e r i n a r e l a t i v e l y complex manner. 
Since no t r u e p r e p a r a t i o n , m o n i t o r i n g o f b a l a n c e , or c h e c k i n g f o r 
t h a t i n t erdependence t o o k p l a c e , t o g e t h e r w i t h misuse o f heavy 
machinery by the t e c h n i c i a n s and t h e i n e x p e r i e n c e o f management, 
and t h e powerless r o l e o f know-how c o n t r i b u t e d by f o r e i g n s p e c i a l i s t s 
l e d t o bad earthworks and c o n s e q u e n t l y bad c o n s t r u c t i o n o f t h e 
i r r i g a t i o n and d r a i n a g e systems -
So, the r e a l .equation i s as f o l l o w s : -
Interdependence o f 
C a p i t a l (+) \ 
T e c h n i c i a n s (-) I 
Management (-) > — — ( - ) dominant • inadequate c o n s t , o f 
I Linkage I r r . and Drainage systems 
Labourers (+) \ 
Know-how (+) / 
Access t o l e a c h i n g w i t h d i f f i c u l t i e s and problems 
ft" S o i l , n o t f r e e o f s a l t s . 
However, because o f t h e adverse e f f e c t , t h r o u g h the i n t e r -
dependence o f t h e f i v e elements, o f inadequate management and 
t e c h n i c i a n s an adequate c o n s t r u c t i o n of i r r i g a t i o n and d r a i n a g e 
systems was not c a r r i e d o u t . 
Both t h e i r r i g a t i o n and the d r a i n a g e systems are e s s e n t i a l 
f o r t h e p r o j e c t success even i f the r e s t o f the p r o j e c t ' s 
components had been s a t i s f a c t o r y . 
We have t h e r e f o r e t r i e d t o e s t a b l i s h an a n a l y t i c a l scheme, 
i n v o l v i n g t h r e e main c o n c e p t u a l approaches, c r i t i c a l p a t h a n a l y s i s , 
t h e law o f the minimum and f a c t o r a l s u i t a b i l i t y and i n t e r d e p e n d e n c e , 
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t o h e l p c l a r i f y n o t o n l y what has gone wrong w i t h t h e Tauorga 
p r o j e c t , but c o u l d perhaps be used t o a s s i s t t h e f o r m u l a t i o n 
o f p r o j e c t p l a n s i n a way which mi g h t i n c r e a s e t h e p r o b a b i l i t y 
o f success. Before we examine t h i s f u r t h e r we s h a l l a p p l y , 
i n a summary form t h i s method o f e v a l u a t i o n a n a l y s i s t o some 
o t h e r p r o j e c t s t o see whether i t has a more g e n e r a l v a l i d i t y . 
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C H A P T E R E I G H T 
I n c h a p t e r 7 an a t t e m p t was made t o r e v i e w , f u n d a m e n t a l l y 
and t y p o l o g i c a l l y , what has happened i n t h e Tauorga p r o j e c t by 
a p p l y i n g v a r i o u s a n a l y t i c a l methods,, T h i s may a l s o enable us t o 
d e v i s e approaches t o the i n t e g r a t e d e v a l u a t i o n n o t o n l y o f t h e 
Tauorga p r o j e c t but a l s o t o analogous p r o j e c t s i n g e n e r a l . I n 
o r d e r t o t e s t t h e more g e n e r a l v a l i d i t y and r e l e v a n c e o f the 
a n a l y t i c a l methods used i n Chapter 7, we s h a l l a p p l y them, i n 
a sh o r t e n e d f o r m , t o t h r e e o t h e r analogous a g r i c u l t u r a l p r o j e c t s 
l o c a t e d i n ° 
A. U n i t e d Arab Emirates 
B. Oman 
C„ Saudi A r a b i a 
A. The U n i t e d Arab E m i r a t e s / T r u c i a l S t a t e s 
Summary I n t r o d u c t i o n 
The p r o j e c t a nalysed below was commissioned by the T r u c i a l 
S t a t e s Development O f f i c e i n t h e 1960's, b e f o r e t he f o r m a t i o n o f 
the UAE, and was c o n f i n e d t o the s i x n o r t h e r n s t a t e s ( e x c l u d i n g 
Abu D h a b i ) . I n 1963 S i r W i l l i a m Halcrow and P a r t n e r s were asked 
t o c a r r y out a H y d r o l o g i c a l and Groundwater Survey i n the area, 
i n o r d e r t o e s t a b l i s h a b a s i s f o r an economic development 
programme i n c l u d i n g a g r i c u l t u r e . F o l l o w i n g t h e p u b l i c a t i o n o f t h e 
Halcrow Report ^ i n 1965, P r o f e s s o r H, Bowen~Jones o f the 
U n i v e r s i t y o f Durham was asked t o c a r r y out a Survey o f S o i l s and 
A g r i c u l t u r a l P o t e n t i a l and t o make development recommendations. 
The consequent r e p o r t s produced i n 1967, t h e Reconnaissance Survey 
(2) 
Report 1966-67 J , and t h e M i l e i h a Development P r o j e c t and 
f 3) 
Hamraniya Development Area Report 1967 v J , formed t h e b a s i s f o r 
the M i l e i h a Development P r o j e c t which s t a r t e d i n 1967. Thus, i n 
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t h e terms we used f o r the Tauorga o p e r a t i o n a l sequence, Phase I , 
t h e Study and Survey Phase extended from 1963 t o June 1967; the 
d e c i s i o n t o implement a development p r o j e c t was taken i n January 
1967; and Phase I I , c o n s t r u c t i o n , s t a r t e d a t the end of 1967. 
The d ata used i n t h e f o l l o w i n g a n a l y s i s are m a i n l y taken 
from the r e p o r t s mentioned above, t o g e t h e r w i t h o t h e r c o n t e x t u a l 
i n f o r m a t i o n and what m a t e r i a l has s u b s e q u e n t l y become a v a i l a b l e . 
The seven T r u c i a l s t a t e s covered an area of n e a r l y 128,000km* 
the t o t a l p o p u l a t i o n i n 1968 b e i n g 180,000. v J T o t a l p o p u l a t i o n 
employed i n a g r i c u l t u r e was e s t i m a t e d t o be 7,208. ^ A l t h o u g h 
p r o j e c t development was s t r i c t l y o n l y c a r r i e d out i n terms of the 
p r o d u c t i o n r e s o u r c e s of t h e s i x n o r t h e r n s t a t e s , Abu Dhabi, 
f o l l o w i n g t h e r a p i d r i s e i n o i l revenue was becoming t h e main 
source of f i n a n c e f o r t h e Development C o u n c i l and a l s o a r a p i d l y 
growing market f o r a g r i c u l t u r a l p r o d u c t s . 
I t was e s t i m a t e d t h a t t h e r e were about 2,000 c u l t i v a t i o n 
u n i t s i n the n o r t h e r n T r u c i a l s t a t e s ( e x c l u d i n g Abu=Dhabi), ^ 
b r o a d l y c l a s s i f i e d a c c o r d i n g t o t h e i r economic f u n c t i o n as 
f o l l o w s : 
a. Subsistence u n i t s w i t h o n l y a c c i d e n t a l exchange on a v e r y 
i r r e g u l a r b a s i s " i f a t a l l . 
b. Subsistence u n i t s w i t h i n c i d e n t a l exchange on an i r r e g u l a r 
b a s i s . 
c. Market o r i e n t e d u n i t s u s u a l l y f u l f i l l i n g s u b s i s t e n c e 
f u n c t i o n as w e l l . 
About 2,500 ha. were e s t i m a t e d t o be cropped w i t h f r u i t 
t r e e s o f which about 90% are dates and t h e r e s t m a i n l y l i m e and 
a few o t h e r c i t r u s f r u i t s , t o g e t h e r w i t h mangoes, bananas, guavas, 
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(81 pomegranates, f i g s e t c . J There was some c u l t i v a t i o n o f a l f a l f a 
and o c c a s i o n a l l y o t h e r crops under t r e e s . About 300 ha. are 
p l a n t e d each year w i t h w i n t e r v e g e t a b l e s o f which tomatoes occupy 
some 70%. 
Labourers' i n p u t s v a r y c o n s i d e r a b l y ; on some u n i t s a w o r k i n g 
day o f up t o 6 hours per man would seem t o be no r m a l , whereas on 
(9) 
o t h e r s i t would be as low as 3 t o 4 hours. 
The forms o f l a n d t e n u r e i n t h e T r u c i a l S t a t e s are -
r u l e r ' s gardens, p r i v a t e gardens = owned f r e e h o l d , p r i v a t e gardens 
owned w i t h o u t f r e e h o l d , p r i v a t e gardens - occupied w i t h o u t 
payment on a u s u f r u c t b a s i s . 
Standards o f husbandry v a r y c o n s i d e r a b l y . The most 
r e l a t i v e l y s o p h i s t i c a t e d methods w i t h i n what i s i n g e n e r a l a v e r y 
u n s o p h i s t i c a t e d environment t e c h n o l o g i c a l l y were found on those 
gardens p r o d u c i n g r e g u l a r l y f o r t he market, t h e g r e a t m a j o r i t y 
o f w hich were i n the r e c e n t l y c o l o n i s e d area o f s o u t h e r n 
Ras a l Khaimah. Other gardens showed a low l e v e l o f t e c h n i c a l 
e f f i c i e n c y and the standards o f c u l t i v a t i o n and i r r i g a t i o n were 
g e n e r a l l y poor. 
The b i g g e s t market f o r a l l the a g r i c u l t u r a l produce o f the 
T r u c i a l S t a t e s was Dubai, which was b o t h a c e n t r e o f f i n a l 
consumption and the most i m p o r t a n t c e n t r e o f d i s t r i b u t i o n t o t h e 
f i l l 
r e s t o f t h e are a . v J A s m a l l p r o p o r t i o n was marketed c o l l -
e c t i v e l y t h r o u g h t he agency of the a g r i c u l t u r a l s t a t i o n a t Digdaga, 
There was no governmental c o n t r o l on p r i c e and su p p l y o f 
a g r i c u l t u r a l commodities, no s t a n d a r d i z a t i o n o f g r a d i n g , p a c k i n g 
or w e i g h i n g . Few s t o r a g e f a c i l i t i e s e x i s t e d and produce handled 
by s m a l l merchants or ta k e n t o market by prod u c e r s had t o be 
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t r a n s p o r t e d over a rough t r a c k , a l t h o u g h plans f o r a h a r d - t o p 
road network were b e i n g c o n s i d e r e d . 
The a g r i c u l t u r a l s i t u a t i o n i n t h e T r u c i a l S t a t e s c o u l d be 
summarized as f o l l o w s - A g r i c u l t u r a l p o t e n t i a l was l i m i t e d t h r o u g h 
t h e p h y s i c a l environment; complete dependence on i r r i g a t i o n o f 
t h e s m a l l areas o f s o i l s u i t a b l e f o r c u l t i v a t i o n ; h i g h w a t e r 
r e q u i r e m e n t s and the r e l a t i v e l y s m a l l a v a i l a b l e w a ter s u p p l y 
because o f the tendency o f s o i l s and ground water t o d e t e r i o r a t e 
under t h e c o n d i t i o n s t h a t p r e v a i l e d . The s u r v e y s , however, showed 
t h e r e were l i m i t e d unused r e s o u r c e s o f s o i l and water s t i l l 
a v a i l a b l e and t h a t t h e r e was scope f o r more economical use o f w a t e r . 
8-1 M i l e i h a P i l o t I r r i g a t i o n P r o j e c t 
I n January 1967 t h e T r u c i a l S t a t e s Development O f f i c e asked 
S i r W. Halcrow and P r o f e s s o r H.Bowen-Jones i n c o n s u l t a t i o n t o 
submit o u t l i n e p r o p o s a l s and e s t i m a t e s f o r t h e p o s s i b l e d e v e l -
opment f o r a M i l e i h a p i l o t i r r i g a t i o n p r o j e c t . 
These p r o p o s a l s i n c l u d e d an e s t i m a t i o n f o r t h e necessary 
l a y - o u t and s u p p l y o f water t o i r r i g a t e an area of a p p r o x i m a t e l y 
(12 ~) 
120 ha. i n t h e v i c i n i t y o f Tawi M i l e i h a east o f J e b e l F a i y a v J 
(see F i g . No. 8_=1.1). This would be d i v i d e d i n t o p l o t s o f 
a p p r o x i m a t e l y 4 ha. i n t e n a n t or o t h e r f a r m h o l d i n g s or a l t e r n -
a t i v e l y , i n l a r g e r p l o t s which would be regarded as p r o d u c t i o n 
u n i t s . Each 4 ha. p l o t was recommended t o be c u l t i v a t e d as 
f o l l o w s : - ( 1 3 ^ 
Treecrop 1 ha. 
W i n t e r v e g e t a b l e s 1.5 ha. f o l l o w i n g by 0.75 ha, leguminous f o d d e r 
0.75 ha. summer f a l l o w 
W i n t e r leguminous 1 ha. 0.5 ha. summer f a l l o w 
Fodder 0.5 ha. " v e g e t a b l e s 
W i n t e r f a l l o w 0.5 ha. f o l l o w e d by 0.5 ha. 
s p r i n g v e g e t a b l e s 
Fig. No. 8-1.1 Survey Areas, Mileiha and Hamraniyah - Location 
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of Durham) 1967 
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The whole area o£ 120 ha„ r e p r e s e n t s an approximate 
p r o p o r t i o n o f a s i x t h o f the t o t a l area which might s u b s e q u e n t l y 
be u t i l i z e d f o r a g r i c u l t u r a l development. A summary o f t h e 
f i n d i n g s o f the reconnaissance survey are shown below -
C l i m a t e : h o t and a r i d ; r a i n f a l l i s v e r y low and u n r e l i a b l e , 
r a n g i n g d u r i n g t h e 30 years f o r which r e c o r d s are a v a i l a b l e a t 
Sharjah f r o m p r a c t i c a l l y n i l i n 1961°62 t o over 250 mm, i n 1956-57 
(14) 
w i t h an annual mean o f 107 mm. v E v a p o r a t i o n r a t e s are among 
the h i g h e s t r e c o r d e d anywhere, f o r example e v a p o r a t i o n a t Tawi 
M i l e i h a i s about 4300 mm. ^ 1 5 ^ Great range of h u m i d i t y and 
temperature i s e x p e r i e n c e d d a i l y and seasonally, t o g e t h e r w i t h the 
p e r i o d i c a l l y s t r o n g w i l t i n g e f f e c t s of wind a c t i o n . 
S o i l : The area o f l a n d s u i t e d t o a g r i c u l t u r a l development 
a t M i l e i h a i s shown i n F i g . No. 8.L 2. The l a n d s u i t a b l e f o r 
commercial development i s o f Class I I and I I I c a p a b i l i t y , Class IV 
l a n d i s s u i t a b l e f o r s p e c i a l i z e d a r a b l e use and Class V I l a n d has 
(17 ) 
no a r a b l e v a l u e . J S o i l s are d e r i v e d from the sands and s i l t s 
d e p o s i t e d i n g r a v e l p l a i n s and washed from t h e Haja r mountains 
t o the e a s t . The predominant s o i l s i n the area are of coarse 
(18) 
t e x t u r e , g e n e r a l l y sandy loam. A c a l i c h e h o r i z o n c e r t a i n l y 
u n d e r l i e s s o i l s i n t h e east and s o u t h o f the survey area and i t i s 
l i k e l y t h a t t h i s c a l i c h e h o r i z o n u n d e r l i e s t h e whole o f t h e survey 
(19) 
area and c o u l d impede d r a i n a g e . F i g . No. 8t1„3 i n d i c a t e s the 
d e t a i l e d s o i l s map. 
One p o i n t needs emphasising, i . e . the h i g h f r e e c a l c i u m 
carbonate c o n t e n t i n the s o i l s , r e f l e c t i n g t he n a t u r e o f p a r e n t 
(7C° 
m a t e r i a l . Beside h a v i n g an i n h e r e n t low f e r t i l i t y , t h e 
s o i l s i n t h i s p r o j e c t area a l s o have a low water h o l d i n g c a p a c i t y , 
w h i l s t t h e f u n n e l l i n g o f w e s t e r l y winds between t h e J e b e l Faiyah 
and the J e b e l M i l e i h a may a l s o s i g n i f i c a n t l y a f f e c t evapotrans= 
p i r a t i o n . ( 2 1 ) 
Fig. No. 8-1.2 
7 
/ 'A TAWI MILEIHA / 
/ LAND CAPABILITY / ClossVl CLASSIFICATION 
C l a s s IV 
SOL a DCVELOPMENT Sl*»VEY I967 // 
Scttt O r h»<S Fro*" A«rW P W o y e p t a 
7.-/ 400 
V)0 / / 
CI055 VI It 
C l o s s I t 
/ 
LlWT Of PROJECT AREA 
/ CtostEDIt 
/ 
/ 
C l O S S ! ao«»E 
Class 2 Cla 
/ 
• ' //// , 
2 
loss C l o s s I 
/ / 
C l a s s H i B Closs V, / / V, /// / / " / " / / / / / / / / / , //// /. / 
/ 
/ / / / / , Class H / / '//, V/. ' / / / / / / / / C l a s s 
a . 
C l a s s B i 
A C L A S S I F I C A T I O N 
Class 
n Suf f ix Topography Limrting Foclor Arable 
Limited Arable Erosion 
GO Permanent ly Non-Arable Boundary of Development A r e a 
Source After H. Bowen -Jones and J. H. Stevens, Mi le iha D e v e l o p m e n t Pro jec t -
Hamran iyah D e v e l o p m e n t Area, Depa r tmen t of Geog raphy (Univers i ty 
of Durham) 1 9 6 7 
Fig. No. 8-1.3 
^7 
?7, 
7 
/ / / / 4(g) / / / / / / / / 
/ . . TAWI MILEIHA / N S / / / . / 
/ / 4(g) 
/ / DETAILED SOtLS MAP C a / D u n e Complex 
/ / 
Sec* o*f>i«i /mm WMufiw / / / / / tOO 
/ / / / too 00 / 
/ y s / 
/ 
NS 4(g) 4(g) 
NS 4(g) 
4(co 
C 4 / D ix i t C o m p l e * 
TAWI MILEIHA 
7D \ 
C^/Dunc Compleii 
y 
y CA / D u n e C o m p l e n z C 4 ( c a i / y 
ft. 
C 4 / D u n e C o m p t a -
7 / S A N 0 D U N E S y^ C ^ / O w w Complex / C 4 ( , ) N S 4<ca) '////. ^  NS 
C L A S S I F I C A T I O N 
C o r b o n o l e s 
Texture 
2 5 - 5 0 * 
Heovy LigM 
S I E R O Z E M 
N O N - S A L I N E 
A L K A L I 
N S 3 N S 4 
2 2 S : Major Wodi A r e o s 
S o i l Pit S a m p l e d 
Boundary of Development A r e o i I 
S m a l l E r o s i o n Gu l l i es 
S o n d D u n e s 
( c o ) C a l i c h e Horizon within 1 5 0 c m s of the l u r f o c e 
( g ) G r a v e l within 5 0 c m « of t h e s u r f a c e 
Source : Af ter H. Bowen -Jones and J. H. Stevens, Mi le iha Deve lopmen t Pro ject -
Hamran iyah Deve lopmen t Area, Depa r tmen t of Geog raphy (Univers i ty 
of Durham) 1967 
-316-
I n the east o f the a r e a , t h e s i l t and c l a y percentage (U 0S„D.A. 
s i z e l i m i t s ) drops below 20 and t h e net r e s u l t o f these f a c t o r s i s 
t h a t a h i g h l e v e l o f a p p l i c a t i o n o f i r r i g a t i o n water w i l l be 
f 22) 
necessary t o a v o i d d r o u g h t . J Both s a l i n e and n o n - s a l i n e a l k a l i 
s o i l s are found i n which p l a n t g rowth i s r e s t r i c t e d because o f 
excess o f exchangeable sodium or because o f h i g h t o t a l s a l t c o n t e n t . 
Water: The water r e s o u r c e s have been d e s c r i b e d i n the Report by 
f 23") 
S i r W. Halcrow, 1969.^ J There i s no s u r f a c e water o t h e r than 
from t he wadi spates which f l o w when t h e r e i s r a i n i n the h i l l s . 
There i s groundwater i n most of t h e p l a i n s area o c c u r r i n g w i t h i n 50 m. 
f 24) 
of t h e s u r f a c e generally in permeable f o r m a t i o n s . O b s e r v a t i o n s 
suggest t h a t t h e t o t a l groundwater f l o w across t he g r a v e l p l a i n s was 
of the o r d e r o f 85 m i l l i o n cu. m. a year o f which about 56 m i l l i o n 
f 25) 
might be a v a i l a b l e f o r f u r t h e r e x t r a c t i o n i n t h e p l a i n s east 
of the Haj a r mountains i n t h e n o r t h e r n T r u c i a l S t a t e s t o s u p p l y 
(? fi l 
p r e s e n t and p o t e n t i a l areas o f c u l t i v a t i o n i n those r e g i o n s . 
I t s q u a l i t y near the h i l l s i s g e n e r a l l y good b u t i t d e t e r i o r a t e s as 
i t passes towards the sea because o f the s a l t s i t p i c k s up on i t s 
passage across t h e p l a i n . A d d i t i o n a l l y , due t o o v e r - a p p l i c a t i o n 
of water on some o f now c u l t i v a t e d l a n d excess water seeps back 
i n t o t h e water t a b l e , t a k i n g up s a l t s as i t passes down and t h e r e b y 
i n c r e a s i n g t he s a l i n i t y of t h e ground w a t e r . However, t h e q u a l i t y 
o f water a t p r e s e n t b e i n g e x t r a c t e d from the M i l e i h a water f i e l d 
i s s u f f i c i e n t l y good. 
8«,1 „ 1 Ex a m i n a t i o n o f the planned d e s i g n and i m p l e m e n t a t i o n and the 
a c t u a l d e s i g n by c r i t i c a l p a t h a n a l y s i s , f i r s t r e q u i r e s a statement 
o f the p r o j e c t o b j e c t i v e s and processes o f development. 
P r o j e c t o b j e c t i v e s 
The f i r s t Tawi M i l e i h a p r o p o s a l s were f o r a 120 ha. 
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a g r i c u l t u r a l p r o j e c t ; s h o u l d t h i s p r o j e c t succeed then an a d d i t i o n a l 
720 ha. w i l l be i n t r o d u c e d f o r a g r i c u l t u r e development as f a m i l y 
p l o t s o r as a commercial p r o d u c t i o n e n t e r p r i s e employing l a b o u r . 
The i m p l i c a t i o n o f f a m i l y p l o t development i s a change from 
t r a d i t i o n a l s u b s i s t e n c e f a r m i n g found i n the r e g i o n b u t not i n 
tiiis l o c a l i t y i n t o modern f a r m i n g , f r o m which r e a s o n a b l e incomes 
would be o b t a i n a b l e . An e f f i c i e n t p r o d u c t i o n u n i t , even more tha n 
w i t h e f f i c i e n t s m a l l farm u n i t s would c o n t r i b u t e t o the g e n e r a l 
economy o f S h a r j a h S t a t e i n p a r t i c u l a r and t h e T r u c i a l S t a t e s i n 
g e n e r a l . At t h i s p o i n t i n t i m e no c l e a r p i c t u r e c o u l d be o b t a i n e d 
of t he f u t u r e p o l i t i c a l or economic s t a t u s o f these non=Federated 
S t a t e s . The o n l y g e n e r a l p o l i c y - m a k i n g body was the T r u c i a l S t a t e s 
C o u n c i l which was a v o l u n t a r y a s s o c i a t i o n o f the Ru l e r s and/or 
t h e i r r e p r e s e n t a t i v e s encouraged t o cooperate by t h e B r i t i s h . The 
o n l y i m p l e m e n t a t i o n agency was the C o u n c i l ' s Development O f f i c e 
whose work was f i n a n c e d p a r t l y by the B r i t i s h Government and 
i n c r e a s i n g l y by t h e Ruler o f Abu Dhabi. 
f 2 81 
Planned development processes of the p r o j e c t 
1. The s e g r e g a t i o n from common p a s t o r a l use o f the p r o j e c t area 
by the c o n s t r u c t i o n o f a p e r i m e t e r face and f l o o d p r o t e c t i o n by 
e a r t h b a r r i e r s , 
2. C l e a r i n g the p r o j e c t area o f n a t u r a l v e g e t a t i o n and 
d i v i d i n g i t i n t o 30 h o l d i n g s o f 4 ha. each. 
3. D r i l l i n g o f t w e l v e w e l l s i n a w a t e r f i e l d some 2 km d i s t a n t 
and c o n s t r u c t i n g a p i p e l i n e t o the water s t o r a g e tanks on the 
p r o j e c t p e r i m e t e r . 
4. C o n s t r u c t i o n o f a f l o o d i r r i g a t i o n system. 
5. E s t a b l i s h m e n t o f a v i l l a g e c l o s e t o the a g r i c u l t u r a l area 
complete w i t h e l e c t r i c , water and s a n i t a t i o n s e r v i c e s , s e r v i c e 
roads, c e n t r a l maintenance workshop f o r a g r i c u l t u r a l machinery, 
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i r r i g a t i o n , equipment, e t c . 
6. Windbreak p l a n t i n g around the p e r i m e t e r and around each 
h o l d i n g b l o c k . 
7 . Green manuring i n o r d e r t o improve the s o i l s t r u c t u r e . 
8. P r o d u c t i o n s t a g e . 
A c t u a l performance o f the p r o j e c t u n t i l 1970 
1. The p e r i m e t e r fence was e s t a b l i s h e d but the f l o o d p r e v e n t i o n 
b a r r i e r s were not b u i l t . 
2. The p r o j e c t area had been c l e a r e d and d i v i d e d i n t o 30 
h o l d i n g b l o c k s . 
3. Out o f t h e 120 ha. o n l y 2 b l o c k s each o f 4 ha. were under 
c u l t i v a t i o n by 1970. 
4. Twelve bore holes and two l a r g e s t o r a g e tanks were l o c a t e d 
on the l a r g e sand dunes j u s t o u t s i d e the development area. ("^) 
5. Wind breaks were p l a n t e d a l o n g p a r t o f the p e r i m e t e r and 
(31") 
p a r t l y around the two c u l t i v a t e d b l o c k s . 
(32) 
6. Of the proposed v i l l a g e o n l y a workshop was c o n s t r u c t e d . 
7. I n March 1971 two 4 h e c t a r e b l o c k s were b e i n g used t o 
produce d e c o r a t i v e p l a n t s f o r s a l e by t h e p r o j e c t ' s s k e l e t o n s t a f f 
on the o u t s k i r t s o f Dubai. No o t h e r crop p r o d u c t i o n was p r a c t i s e d 
and the p r o j e c t area was e s s e n t i a l l y on a care and maintenance 
b a s i s " w i t h o u t f a r m e r s . A f t e r d i s p l a y i n g the p r o j e c t ' s o b j e c t i v e s 
and the planned and the a c t u a l d e s i g n and i m p l e m e n t a t i o n i t becomes 
p o s s i b l e t o i d e n t i f y t he problems and d i f f i c u l t i e s a l r e a d y 
e x i s t i n g or p r e d i c t e d : -
1) T h i s t y p e o f p r o j e c t i s f i r s t c o n s t r a i n e d by c r i t i c a l 
p h y s i c a l f a c t o r s i . e . c l i m a t e , s o i l , water and which needed 
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s p e c i f i c t e c h n i c a l management. I n f a c t management was extended 
from Digdaga s t a t i o n and an adequate s t a f f was not i n s t a l l e d . 
2) I n s p i t e o f t h e d e t a i l e d recommendations f o r p r o j e c t 
e s t a b l i s h m e n t , ^ t h e s e were n o t s a t i s f a c t o r i l y a p p l i e d . For 
example f l o o d p r e v e n t i o n b a r r i e r s , s t r o n g l y recommended were n o t 
completed. Thus d u r i n g March 1969 heavy r a i n f a l l o c c u r r e d i n 
the mountains and r e s u l t i n g f l a s h f l o o d s area c a u s i n g s e r i o u s 
e r o s i o n on a l l b l o c k s but two, each o f f o u r ha., l o s t t h e i r 
s o i l c o m p l e t e l y . 
3) The i r r i g a t i o n system o f t h i s p r o j e c t i s designed f o r 
g r a v i t y d i s t r i b u t i o n t o channel and b a s i n p l o t s . W hile t h e 
s u r f a c e channels were under c o n s t r u c t i o n i t was suggested t h a t a 
s p r i n k l e r i r r i g a t i o n system c o u l d be used i n s t e a d . This r e q u i r e d 
a b u d g e t a r y r e v i e w and produced t h e l o s s o f a whole season. I t 
a l s o r e q u i r e d a new and e x p e r i m e n t a l approach r a t h e r t h a n the use 
o f a l o c a l l y known system and i n t r o d u c e d a l s o a new element o f 
r i s k -
a. D i f f e r e n t t e c h n i c i a n s o r e x p e r t s would be r e q u i r e d t o 
op e r a t e and m a i n t a i n t h i s s p r i n k l e r system. 
b. Q u a n t i t y and q u a l i t y o f wa t e r a l s o had t o be r e c o n s i d e r e d 
and c o n s e q u e n t l y , as w e l l , t h e area t o be c u l t i v a t e d 
and t h e c r o p p i n g p a t t e r n . 
4) A l t h o u g h t he c l i m a t i c c o n d i t i o n s a t M i l e i h a are 
s u f f i c i e n t l y d i f f e r e n t from those o f t h e main Ras A l Khaimah 
v e g e t a b l e growing area so t h a t some d i f f e r e n c e s i n c r o p p i n g and 
husbandry p r a c t i c e s would be necessary t o g a i n the recommended 
f i e l d t r i a l s , work was n o t put on a p r o p e r b a s i s . 
5) This p r o j e c t was u l t i m a t e l y made i n t o a p i o n e e r s e t t l e m e n t 
and t h e f u l l i m p l i c a t i o n s o f t h i s s h o u l d have been r e a l i z e d . 
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For example, i t was necessary t o s e l e c t the s e t t l e r s and get them 
onto t h e i r h o l d i n g s so t h a t they can, t h r o u g h e x p e r i e n c e , l e a r n 
how t o o p e r a t e them as commercial u n i t s . T his was e s s e n t i a l 
because the proposed h y p o t h e t i c a l s e t t l e r s had e i t h e r never worked 
i n a g r i c u l t u r e or a t most t h e y had o n l y p r a c t i s e d t r a d i t i o n a l 
f a r m i n g . But the major d e f i c i t was n o t merely the i g n o r i n g 
o f t r a i n i n g farmers but t h a t no p o o l o f p o t e n t i a l n a t i o n a l 
s e t t l e r s was i n f a c t i d e n t i f i e d . T h i s d e f i c i t case i s s i m i l a r t o 
the one we had seen a t the Tauorga p r o j e c t . Thus problems and 
d i f f i c u l t i e s of c a r r y i n g out t h e a g r i c u l t u r a l processes such as 
i r r i g a t i o n , which appeared a t t h e Tauorga p r o j e c t , were r e p e a t e d 
i n t h i s p r o j e c t . Experience a t H a i l and Faiya Pass, where 
c o n c e n t r a t i o n s of s o d i c s a l t s , n a t u r a l l y h i g h , have been b u i l t 
up y e t f u r t h e r by i r r i g a t i o n , p o i n t t o the consequences o f 
absence o f c o n t r o l o f l a n d use, 
6) A tendency towards p r i v a t e and independent a g r i c u l t u r a l 
development i n areas n e i g h b o u r i n g t o t h i s p r o j e c t was f o r e c a s t 
(35) 
i n 1966 and 1967, thus t h e r e might have appeared two r i s k s : -
a. U n c o n t r o l l e d water e x p l o i t a t i o n even by s h a l l o w w e l l s 
e x t r a c t i o n c o u l d produce d i f f i c u l t i e s o f water s u p p l y and 
c o m p e t i t i o n l i k e t h e problems we have seen i n the Tauorga p r o j e c t . 
b. Since i t i s l i k e l y t h a t p r i v a t e development would t e n d t o 
use water o f r e l a t i v e l y h i g h c o n d u c t i v i t y and t o use s o i l s r e l -
a t i v e l y s u s c e p t i b l e t o d e t e r i o r a t i o n the c o n t a m i n a t i o n o f s o i l s 
and ground water i n the development area c o u l d take p l a c e . No 
measures were ta k e n by the a u t h o r i t i e s t o p r e v e n t such f u t u r e 
d e t e r i o r a t i o n . 
7) I t was known t h a t the s o i l c o n t a i n s a v e r y s m a l l , b u t c r i t -
i c a l , q u a n t i t y o f f i n e s i l t s needing good s o i l - w a t e r management 
-321-
b u t t h e planned d e s i g n d i d not i n c l u d e d r a i n c o n s t r u c t i o n ^ ^ 
on t h e assumption t h a t such management would be f o r t h c o m i n g . 
This assumption was n o t v a l i d . 
C r i t i c a l Convergence and d i v e r g e n c e p o i n t s 
( i ) H y p o t h e t i c a l Convergence and Divergence P o i n t s 
F i r s t phase - A f t e r t he s o i l and a g r i c u l t u r a l p o t e n t i a l , w a t e r , 
c l i m a t e , socio-economic survey e t c . had been i n v e s t i g a t e d ; the 
d e c i s i o n was t a k e n t o c o n s t r u c t t h e p r o j e c t . 
Second phase, stage 1 - D u r i n g the c o n s t r u c t i o n t h e r e appeared 
necessary convergence and d i v e r g e n c e p o i n t s and i n t e r f a c e s i n 
the development process. T h e i r mechanics w i l l not be e x p l a i n e d 
i n d e t a i l here because t h e y are r e f e r r e d t o i n Fig.8-1.1.1 
and a l s o they are v e r y s i m i l a r t o those covered i n Chapter No.7. 
There are some e x c e p t i o n s and d i f f e r e n t emphases, and these 
w i l l be e x p l a i n e d below. 
F i r s t o f a l l t h e s e l e c t i o n o f w o r k e r s / s e t t l e r s ; t h e 
programme o f e d u c a t i o n and t r a i n i n g f o r them must be planned 
b e f o r e any c o n s t r u c t i o n b e g i n s . 
I t i s o f utmost importance t o g i v e p r i o r i t y o f c o n s t r u c t i o n 
t o the development process No. 2-1 and 2-2 i n o r d e r t o a v o i d 
the danger o f f l a s h f l o o d i n g . 
Second phase, Stage 2: I t e m Nos. 7 and 8 s h o u l d s t a r t o n l y 
a f t e r convergency p o i n t No.1 i n d i c a t e d as IX, was reached 
i n o r d e r to avoid t h e danger o f f l a s h f l o o d i n g . But i n 
o t h e r p r o j e c t s (such as t h e one i n Kamil A l W a f i i n Oman) 
those items c o u l d be s t a r t e d e a r l i e r . 
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Item Nos. 10, 11 and 12 are o f p a r t i c u l a r i m p ortance 
and must be per f o r m e d i n an a c c u r a t e balance a f t e r convergency 
p o i n t No.2, i n d i c a t e d as 2X was reached. Thus i n o r d e r t o 
a v o i d w i n d e r o s i o n , H a l o x y l o n s a l i c o r n i c u m , s h o u l d o n l y be 
removed i m m e d i a t e l y p r i o r t o i t e m No. 11, t i l l a g e o p e r a t i o n , 
micro convergency p o i n t s No. d, e and f . I m m e d i a t e l y a f t e r 
t i l l a g e , on a t l e a s t p a r t o f the area, i t e m No.12, p r e -
i r r i g a t i o n and i t e m No. 13, green manuring, must be commenced. 
The pre - i r r i g a t i o n w i l l a i d the s e t t l i n g o f the s o i l , c o u l d 
a s s i s t l e a c h i n g and w i l l encourage the w i l d grass seeds t o 
emerge f o r subsequent e r a d i c a t i o n . However, under no 
c i r c u m s t a n c e s s h o u l d i t e m No. 10 be c a r r i e d out over the 
whole area u n l e s s i t e m No. 11 can be performed i m m e d i a t e l y and 
c o m p l e t e l y . 
I t i s s i m i l a r l y i m p o r t a n t t h a t i t e m No.13 must s t a r t 
i m m e d i a t e l y ( i f sowing time i s s u i t a b l e ) o t h e r w i s e f i e l d s 
must be w a t e r e d a t l e a s t t o s u p p l y l e a c h i n g r e q u i r e m e n t and 
i n o r d e r t o a v o i d s a l i n i t y b u i l d up i n the upper h o r i z o n s 
t h r o u g h c a p i l l a r y tube movement o f s o i l m o i s t u r e . 
Phase I I I : Because o f t h e d i f f e r e n t c l a s s e s o f t h e p r o j e c t ' s 
s o i l and v a r i a t i o n i n s t r u c t u r e and t e x t u r e i t i s expected 
t h a t t h e y w i l l r e q u i r e d i f f e r e n t p e r i o d s o f green manuring. 
Consequently t h i s p r o d u c t i o n phase w i l l n o t be s t a r t e d 
i n t h e whole p r o j e c t area a t once but w i l l be i n t r o d u c e d 
i n s tages. 
C i i ) A c t u a l Convergence and Divergence P o i n t s 
I t i s obvious t h a t t h e f i r s t phase had been s t a r t e d w i t h o u t 
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any p l a n f o r t h e s e l e c t i o n , e d u c a t i o n and t r a i n i n g o f t h e s e t t l e r s . 
I t was e s s e n t i a l and compulsory t o s t a r t c o n s t r u c t i o n w i t h 
t h e development process Nos. 2-1 and 2-2 i n o r d e r t o a v o i d t h e 
danger o f f l a s h f l o o d i n g . But u n f o r t u n a t e l y t h e development 
process No. 2-2 was c o m p l e t e l y i g n o r e d . 
Development process Nos. 3 and 4 s t a r t e d w i t h o u t o b s e r v i n g 
necessary i n t e r f a c e between these two development processes and 
t h e development process Nos. 2-1 and 2-2 
Development process No. 5 was never completed, j u s t a few 
rows o f t r e e s were i n t r o d u c e d along p a r t o f t h e p e r i m e t e r . 
Of development process No. 6, o n l y a workshop was 
c o n s t r u c t e d . 
However, t h e f i r s t phase was under c o n s t r u c t i o n w i t h o u t 
any p r i o r i t y or o r d e r and w i t h o u t any c o - o r d i n a t i o n between 
p l a n n e r s , management, s u p e r v i s o r s and e x e c u t o r s . The r e s u l t 
was t h a t t he h y p o t h e t i c a l convergency p o i n t No. 1 c o u l d be r e a l i z e d 
n e i t h e r i n terms o f t i m e nor i n terms o f c o m p l e t i o n ; i n s t e a d a 
f a i l e d convergency p o i n t was o b t a i n e d , i n d i c a t e d as IX. T h i s 
was s e v e r e l y r e f l e c t e d i n t h e second phase as t h e s t a r t i n g t i m e 
was missed. The s t a r t i n g c o n d i t i o n s and p r e p a r a t i o n f o r 
development process Nos. 7 and 8 were v e r y weak and c o n s e q u e n t l y 
convergency p o i n t No.2, i n d i c a t e d as 2X, never emerged and t h e 
p r o j e c t became out o f c o n t r o l . The same t h i n g happened w i t h t h e 
d e v e l o p i n g processes Nos. 9, 10, 11 and 12 and c o n s e q u e n t l y 
convergency p o i n t No.3, i n d i c a t e d as 3X never emerged. 
Because o f these f a i l e d convergency p o i n t s , i t was 
i m p o s s i b l e t o reach t h e p r o d u c t i o n phase. The f i n a l s i t u a t i o n 
o f the p r o j e c t i s shown i n (p. 318), 
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8-1.2 The Concept o f L i e b i g ' s "The Law o f The Minimum" 
I d e n t i f i c a t i o n of c r i t i c a l l e v e l s o f i n d i v i d u a l i n p u t s 
and f a c t o r s which i f not reached w i l l e i t h e r damage or i n v a l i d a t e 
the p r o j e c t . 
S e c o n d 
Example ; P i ^ s t phase ( C o n s t r u c t i o n ) 
V a r i o u s i n p u t s have t o i n t e r a c t i n r e a l time i n o r d e r t o 
form a development process; t h i s f o l l o w s from our c r i t i c a l p a t h 
analys i s . 
H owever,applying t h e concept o f t h e law o f t h e minimum : 
"By t h e d e f i c i e n c y o r absence o f one necessary c o n s t i t u e n t 
(such as development process No. 2.2 - f l o o d p r e v e n t i o n b a r r i e r s ) 
a l l t h e r e s t of t h e development process b e i n g p r e s e n t , t h i s 
p r o j e c t i s r e n d e r e d c o m p l e t e l y i n e f f e c t i v e f o r a l l processes o f 
c u l t i v a t i o n t o the l i f e o f which t h a t one c o n s t i t u e n t i s 
i n d i s p e n s a b l e " . 
Because th e absence o f the f l o o d p r e v e n t i o n b a r r i e r s l e d 
t o t h e s e r i o u s e r o s i o n , t h e r e s u l t was t h a t s u f f i c i e n t o f t h e 
p r o j e c t l a n d was s e v e r e l y damaged as t o r e n d e r p a r t o f t h e area 
c o m p l e t e l y i n e f f e c t i v e f o r c u l t i v a t i o n . 
F i r s t 
Example : Soexma Phase 
Since no e f f o r t s were made t o e s t a b l i s h the e x i s t e n c e o f 
p o t e n t i a l w o r k e r / s e t t l e r s , t h e p r o j e c t was r endered c o m p l e t e l y 
i n e f f e c t i v e . I t may be n o t e d t h a t d u r i n g t h e mid 1970's, as t h e 
r e s u l t of UAE p o l i c i e s o f heavy s u b s i d i s i n g a l l a g r i c u l t u r a l 
i n p u t s and t h e p o s s i b i l i t y o f i n d u l g i n g i n " h o b b y - f a r m i n g " i n 
the main o i l - b o o m p e r i o d , a l l t h e p l o t s are now owned by urban 
d w e l l e r s and worked by h i r e d e x p a t r i a t e l a b o u r ; commercial or 
e c o l o g i c a l v i a b i l i t y are n o t r e l e v a n t . 
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8-1.5 S u i t a b i l i t y and Interdependence o f t h e i n p u t f a c t o r s 
i n f l u e n c i n g t h e p r o j e c t development 
The s u i t a b i l i t y and interdependence o f o n l y t h e second 
phase, c o n s t r u c t i o n , w i l l be i n v e s t i g a t e d here w h i l e t h e 
t h i r d phase w i l l be excluded because i t was n o t a c t u a l l y 
s t a r t e d . 
a. S u i t a b i l i t y o f the i n p u t f a c t o r s 
The same symbols e.g. +, - and ? used i n Chapter 7 w i l l 
be a p p l i e d here as shown i n Table 8.1.3.1. Col. No.1 and Col.No.2 
of t h i s Table show the planned and r e a l s u i t a b i l i t y r e s p e c t i v e l y . 
The planned s u i t a b i l i t y o f the i n p u t f a c t o r s may be assumed t o 
have been conducive t o success. 
Real s u i t a b i l i t y : 
P r o j e c t l o c a t i o n - i s d e t e r m i n e d by t h e presence o f c u l t i v a b l e 
s o i l and adequate w a t e r . I t i s l o c a t e d i n S h a r j a h . I t s 
importance was a consequence, f i r s t l y o f f a v o u r a b l e p h y s i c a l 
c o n d i t i o n s and s e c o n d l y , o f a h y p o t h e t i c a l l y f a v o u r a b l e 
i n s t i t u t i o n a l framework, the Development C o u n c i l . Thus t h i s 
i t e m c o u l d be g i v e n (+) ( b u t see b e l o w ) . 
C a p i t a l ' f i x e d ' - f i n a n c i a l problems were not expected t o a r i s e 
d u r i n g t he c o n s t r u c t i o n o f the p r o j e c t as l o n g as the 
c o n s t r u c t i o n performance i s b e i n g c a r r i e d out a c c o r d i n g t o t h e 
p l a n , scheduled t i m e and t h e u n f o r s e e a b l e d i f f i c u l t i e s are 
not so g r e a t . But even by May 1967 t h e Development C o u n c i l 
Committee was r a i s i n g q u e s t i o n s c o n c e r n i n g the l e v e l o f 
proposed e x p e n d i t u r e and t h e t e c h n i c a l l y approved programme was 
(37) 
c u t - b a c k ; v J these f i n a n c i a l problems c o n t i n u e d and so t h i s 
i t e m w i l l be g i v e n +/-. 
Management - the management and o r g a n i z a t i o n o f t h i s a g r i c u l t u r a l 
pro; : ~ - ! i a c been c a r r i e d out by t h e Works department which was n o t 
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i n v o l v e d i n a g r i c u l t u r e . Such a p r o j e c t needs q u a l i f i e d manage-
ment t o implement t h e ideas o f geographers, e n g i n e e r s , agronomists 
e t c . b u t the Works department d i d n o t have t h i s a b i l i t y . Thus 
t h i s i t e m i s g i v e n (-) 
S u p e r v i s i o n - the D i r e c t o r o f Digdaga and h i s a s s i s t a n t s a i d e d by 
S i r W. Halcrow were inadequate as a team, g i v e n o n l y p a r t i a l 
r e s p o n s i b i l i t y f o r t h i s p r o j e c t t o s u p e r v i s e c o n s t r u c t i o n . They 
were not able t o o f f e r s u f f i c i e n t f u l l - t i m e a t t e n t i o n . Consequently 
t h i s i t e m i s g i v e n ( - ) . 
T e c h n i c i a n s - were i n s u f f i c i e n t l y s k i l l e d and too few t o o p e r a t e 
t h e machinery and p r o p e r l y p e r f o r m t h e t a s k s r e q u i r e d o f t h i s 
p r o j e c t . Thus t h i s i t e m i s g i v e n (+/-) 
Labourers - they d i d n o t p l a y a major r o l e as most o f the work 
was done m e c h a n i c a l l y . This i t e m i s g i v e n ( 0 ) . 
Topography slopes v a r y , r a n g i n g from 2° t o 5 ° ; t h i s 
a l l o w e d s i z e s o f p l o t s t o g i v e l e n g t h s o f minimum i r r i g a t i o n r u n 
from 200 metres t o 50 metres. Thus no problem w i l l a r i s e f o r 
a p p l y i n g f l o o d i r r i g a t i o n systems. Thus t h i s i t e m i s g i v e n ( + ) . 
P e r i m e t e r - was not s a t i s f a c t o r i l y c o n s t r u c t e d or c o m p l e t e l y 
p r o t e c t e d by wind breaks i n o r d e r t o a t l e a s t l e s s e n the f l o o d 
w hich t o o k p l a c e . Thus t h i s i t e m i s g i v e n ( - ) . 
Flood p r e v e n t i o n b a r r i e r s - were c o m p l e t e l y f o r g o t t e n , and thus 
g i v e n ( - ) . 
I r r i g a t i o n system - was n o t f u l l y c o n s t r u c t e d , b u t the n o t 
ad e q u a t e l y e x p l o r e d i d e a o f changing t o s p r i n k l e r s from t h e f l o o d 
i r r i g a t i o n system (see p . 319 ) i s s u f f i c i e n t reason f o r g i v i n g 
t h i s i t e m ( - ) . 
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Table 8-1.3.1 S u i t a b i l i t y o f f a c t o r s i n f l u e n c i n g t he 
P r o j e c t development 
F a c t o r s o f Development (1) (2) Remarks 
f fypothet -
Second phase , Stage 1 i c a l Actual 
P r o j e c t l o c a t i o n + + 
C a p i t a l " f i x e d " + + /-
Management + -
S u p e r v i s i o n + -
T e c h n i c i a n s + + /-
Labourers + 0 
Topography + + 
P e r i m e t e r + -
Flood p r e v e n t i o n b a r r i e r s + -
I r r i g a t i o n system + -
B u i l d i n g s ( o f f i c e s , workshops 
r e s t h o u s e , e t c . ) + -
Wind breaks + -
Second Phase, Stage 2 
Cli m a t e + + 
C a p i t a l " C u r r e n t " ? ? 
S o i l 
L e v e l l i n g + -
q u a l i t y + - ? ' 
q u a n t i t y + - *? 
Water 
q u a l i t y + + /? i 
q u a n t i t y + + / ? 
Management - ? 1 
A g r o - t e c h n i c i a n s + - ? ' 
S k i l l e d workers + - ? 
S e t t l e r s / f a r m e r s + _ ? 
s e l e c t i o n Not c o n s i d e r e d 
a t a l l i n the 
p l a n 
e d u c a t i o n I t 1 ! 
t r a i n i n g I I I I 
Wind breaks + j 
I r r i g a t i o n process + - ? 1 
Green Manuring + ? 
T h i r d Phase j 
Cropping p a t t e r n + 
T r a n s p o r t + Not c a r r i e d 
Market and m a r k e t i n g ; + out 
Farm s i z e + s 
Family s i z e + i 
1 F a mily income + j Land Tenure + 1 
i P r o j e c t maintenance + 1 i 
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V i l l a g e - a p a r t f r o m t h e workshop n o t h i n g was c o n s t r u c t e d . The 
l a c k o f any c o n s t r u c t i o n p r i o r i t y e.g. r e s t h o u s e , o f f i c e s , 
workshop e t c . means t h i s i t e m must be g i v e n ( - ) . 
Windbreak - i n s p i t e o f i t s n e c e s s i t y t o s t o p t h e s o i l c r e e p i n g and 
f o r t h e c r e a t i o n o f more equable m i c r o - c l i m a t e c o n d i t i o n s w i t h i n 
t he p l o t s , wind breaks were o n l y p a r t l y p l a n t e d and t h e whole l a y o u t 
o f b l o c k s o f t r e e crops which would a l s o serve as wind breaks was 
i n c o r r e c t l y changed. This i t e m must a l s o be c l a s s e d ( - ) . 
b. Interdependence o f t h e i n p u t f a c t o r s 
(1) P r o j e c t L o c a t i o n : The p r o j e c t l o c a t i o n has c r e a t e d t h e 
n e c e s s i t y o f e s t a b l i s h i n g (8) p e r i m e t e r and (9) f l o o r p r e v e n t i o n 
b a r r i e r s , w h i c h c o n s e q u e n t l y mean a d d i t i o n a l c o s t s . This f a c t has 
t o be accepted because t h e need was p r e d i c t e d i n the p r e - f e a s i b i l i t y 
s t u d y and t h e r e was no a l t e r n a t i v e l o c a t i o n . 
(2) C a p i t a l " f i x e d " : The c a p i t a l a l l o c a t i o n had t o be r e c o n s i d e r e d 
because o f t h e idea o f a l t e r i n g the i r r i g a t i o n system as w e l l as 
changes o f a t t i t u d e i n the c o n t r o l l i n g committee f o r p o l i t i c a l 
reasons. 
O r i g i n a l l y , i t c o u l d be presumed t h a t no f i n a n c i a l problems 
would a r i s e , b u t due t o the improper c o n s t r u c t i o n o f (8) p e r i m e t e r 
and t h e complete absence of (9) f l o o d p r e v e n t i o n b a r r i e r s a l o t 
o f money was wasted. 
(3) Management : The management was n o t a b l e t o manage and 
o r g a n i s e the work performed by (5) t e c h n i c i a n s and (6) l a b o u r e r s 
such as (8) p e r i m e t e r . Even t h e balance o f p r i o r i t y o f c o n s t r u c t i o n 
was l o s t , thus (9) f l o o d p r e v e n t i o n b a r r i e r s were n e g l e c t e d w h i c h 
n e g a t i v e l y a f f e c t e d on (7) topography, 10 ( i r r i g a t i o n system) and 
(11) v i l l a g e and l e d t o the s i t u a t i o n i n (p.318). 
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(4) S u p e r v i s i o n : Was n o t a v a i l a b l e t o a d v i s e (3) management o r 
t o s u p e r v i s e t h e c o n s t r u c t i o n p erformed by (5) t e c h n i c i a n s and 
(6) l a b o u r e r s , thus t h e p a r t - t i m e s u p e r v i s o r s shared t h e mistakes 
o f t h e management. 
(5) T e c h n i c i a n s : They were n o t able t o o p e r a t e t h e r e q u i r e d 
machinery and t o c o n s t r u c t (8) the p e r i m e t e r p r o p e r l y . Thus the 
poor (3) management and (4) s u p e r v i s i o n r e f l e c t e d on t h e r e s t o f 
t h e p r o j e c t components (see p.318). (7) topography and (10) the 
i r r i g a t i o n system and (11) v i l l a g e were not c o m p l e t e l y 
c o n s t r u c t e d and thus can not be t e c h n i c a l l y assessed. 
(6) Labourers : Except f o r machinery, they are t h e same as f o r 
(5) t e c h n i c i a n s . 
(7) Topography : The g e n t l e s l o p e o f t h e topography w i l l 
f a c i l i t a t e t he c o n s t r u c t i o n o f (10) i r r i g a t i o n system. U n f o r t -
u n a t e l y , t h i s had not been o b t a i n e d due t o (3) management, 
(4) s u p e r v i s i o n and (5) t e c h n i c i a n s e t c . 
(8) P e r i m e t e r : Was c o n s t r u c t e d i n c o m p l e t e l y and i m p r o p e r l y by 
(5) t e c h n i c i a n s , (3) bad management and poor e x p e r i e n c e and 
p a r t t i m e engagement o f (4) s u p e r v i s i o n . The r e s u l t was waste 
o f (2) c a p i t a l f i x e d ; y e t the e r o s i o n was caused (see p.324). 
( 9 ) F l o o d p r e v e n t i o n b a r r i e r s : The complete absence o f t h i s 
i t e m due t o (3) bad management and (4) s u p e r v i s i o n v e r y s e v e r e l y 
i n f l u e n c e d (8) p e r i m e t e r and i t c o n t r i b u t e d t o t h e bad s i t u a t i o n 
d e s c r i b e d i n ( p . 3 1 8 ) . 
(10) I r r i g a t i o n system and (11) v i l l a g e : Both o f them were n o t 
c o m p l e t e l y c o n s t r u c t e d and t h u s cannot be assessed. 
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C o n c l u s i o n 
By a n a l y s i n g as we have done the M i l e i h a p r o j e c t we can 
note t h a t many o f the reasons f o r l a c k o f success i n implementing 
a p o l i c y d e c i s i o n are s i m i l a r t o those we found i n Tauorga. For 
example much o f the p r o j e c t ' s l a n d r e s o u r c e was s e v e r e l y damaged 
due t o , f i r s t l y , i g n o r i n g t h e o r d e r o f the convergent and d i v e r g e n t 
p o i n t s o f the p r o j e c t c o n s t r u c t i o n (consequences o f which are 
shown i n F i g . No. 8-1.1.1), t h i s f u r t h e r emphasized by a p p l y i n g t h e 
concept o f the law o f t h e minimum. Secondly, t h e way i n which t he 
interdependence o f i n p u t f a c t o r s was n o t s u f f i c i e n t l y r e c o g n i s e d 
c o m p l i c a t e d the c o n s t r u c t i o n development processes i n s t e a d o f 
" l u b r i c a t i n g " them. 
I f we now compare t h i s p r o j e c t a n a l y s i s w i t h t h a t o f the 
Tauorga p r o j e c t we f i n d t h a t -
a. This p r o j e c t v i r t u a l l y c o l l a p s e d . 
b. Many i f n o t a l l o f the causes o f f a i l u r e were o f t h e same 
typ e as found i n t h e Tauorga p r o j e c t . T h e r e f o r e , t h e q u e s t i o n 
a r i s e s , c o u l d these causes have been f o r e s e e n a t e i t h e r or b o t h 
the d e c i s i o n stage and de s i g n stage? 
As we s h a l l see our analyses b e g i n t o suggest t h a t i f we 
t a k e s e r i o u s l y : 
( i ) C r i t i c a l p a t h analyses and the convergent and 
d i v e r g e n t p o i n t s 
( i i ) Law o f the minimum. 
( i i i ) I nterdependence o f the i n p u t f a c t o r s ; t h a t c e r t a i n 
d e s i d e r a t a c o u l d be f e d i n b e f o r e n o t a f t e r p r o - j e c t 
i m p l e m e n t a t i o n . 
I n t h e c o n c l u s i o n t o t h i s t h e s i s we s h a l l be c o n s i d e r i n g 
t h i s f u r t h e r , but a l r e a d y some p o i n t s can be made. 
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F i r s t , we can no t e t h a t i n t h e M i l e i h a case the s t a t e d 
o b j e c t i v e was n o t as c l e a r as t h e s p e c i f i c terms of r e f e r e n c e 
would seem t o i m p l y . For example, a t no time d u r i n g Phase I 
or even a t the commissioning stage o f Phase I I was t h e r e a f i r m 
commitment t o a n y t h i n g more than t h e e s t a b l i s h m e n t o f the 
p h y s i c a l s e r v i c e s necessary f o r t h e i r r i g a t i o n o f 120 h e c t a r e s 
of l a n d . F u r t h e r no i n v e s t i g a t i o n o f the p o t e n t i a l demand f o r 
f a m i l y h o l d i n g s was c a r r i e d o u t . W h i l s t t h e l a y o u t i n 4 h e c t a r e 
u n i t s had c l e a r t e c h n i c a l as w e l l as socio-economic i m p l i c a t i o n s 
these were n o t g i v e n s e r i o u s c o n s i d e r a t i o n a t t h e d e c i s i o n making 
s t a g e . I n o t h e r words the m i n i m a l r e q u i r e m e n t o f p r o d u c t i o n 
l a b o u r i n p u t was n o t r e c o g n i z e d as c r i t i c a l . Secondly, the 
t e c h n i c a l d e c i s i o n t o c o n c e n t r a t e water°extraction i n a s i n g l e 
w a t e r - f i e l d and t h e n t o d i s t r i b u t e water t o l a n d u n i t s t h r o u g h 
a c e n t r a l system was n o t i n t e g r a t e d w i t h a management or a d v i s o r y 
system. I n o t h e r words, t h e interdependence between water 
e x t r a c t i o n and d i s t r i b u t i o n on one hand and i r r i g a t e d l a n d 
management and the p r o d u c t i o n o f s p e c i f i c crops on the o t h e r was 
not s u f f i c i e n t l y r e c o g n i z e d . T h i r d l y , t h e n e c e s s i t y f o r t h e 
i m p l e m e n t a t i o n processes t o be s u f f i c i e n t l y i n t e g r a t e d t o a l l o w 
each stage t o proceed from a sound base was i g n o r e d . For 
example, the r e q u i r e m e n t t h a t a f l o o d b a r r i e r be c o n s t r u c t e d a t 
the i n i t i a l stage o f phase I I was n o t met and the f u l l implem-
e n t a t i o n o f f u r t h e r l a n d r e c l a m a t i o n was re n d e r e d i m p o s s i b l e . 
F o u r t h l y , as c r i t i c a l p a t h a n a l y s i s i n r e a l t i m e reminds us, 
a p r o j e c t which i s con c e i v e d o n l y i n terms of t h e s i t u a t i o n t h e n 
e x i s t i n g , may by t h e t i m e o f i t s c o m p l e t i o n have t o work i n a 
t o t a l l y d i f f e r e n t c o n t e x t , so t h a t h e r e , B r i t i s h economic and 
p o l i t i c a l i n t e r v e n t i o n almost d i s a p p e a r e d at t h e end o f 1970. 
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A t o t a l l y new p o l i t i c a l and o r g a n i s a t i o n a l s e t t i n g was c r e a t e d 
by the f e d e r a t i o n of t h e U n i t e d Arab E m i r a t e s . By 1971 Dubai 
and S h a r j a h had become o i l p r o d u c e r s , i n a d d i t i o n t o Abu Dhabi, 
and the p o p u l a t i o n o f the UAE s t a t e s , f i r s t enumerated i n 1968 
expanded enormously d u r i n g the 1970's. A p r o j e c t v a l i d i n 1966 
and which c o u l d have been v a l i d ( i f t h e 5 months c o n s t r u c t i o n 
s chedule had been k e p t t o ) i n 1968, has t o be seen v e r y d i f f e r -
e n t l y i n f a c t even by 1970. These and s i m i l a r p o i n t s which 
appear are v e r y s i m i l a r t o those we i d e n t i f i e d i n t h e Tauorga 
p r o j e c t and t h e i r fundamental importance t o p r o j e c t s o f t h i s 
k i n d i s f u r t h e r t e s t e d i n the c a s e - s t u d i e s which f o l l o w . 
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B. Oman 
8-2 E s t a b l i s h i n g Commercial Farming i n I n t e r i o r Oman 
I n t r o d u c t i o n 
Here we ap p l y the same methods o f a n a l y s i s t o p r o j e c t 
p r o p o s a l s which were never implemented. I n t h i s case, t h e r e f o r e , 
we are not examining a s i t u a t i o n a f t e r i m p l e m e n t a t i o n , but 
c o n s i d e r i n g i n what ways p r o j e c t o b j e c t i v e s , d e s i g n and recom-
mendations can be e v a l u a t e d . T h i s should a l s o extend t h e t e s t i n g 
o f the v a l u e o f our a n a l y t i c a l approaches. 
I n 1976 Hun t i n g T e c h n i c a l S e r v i c e s L i m i t e d undertook a 
p r e = f e a s i b i l i t y s t udy t o a s c e r t a i n t h e p r a c t i c a b i l i t y o f 
f 3 9) 
commercial f a r m i n g i n i n t e r i o r Oman, ^ t h i s i n s u p p o r t of 
o f f i c i a l Omani development p o l i c y o f encouragement and sup p o r t 
f o r t h e r u r a l areas i n d e v e l o p i n g modern a g r i c u l t u r e so as t o ^ ^ 
(a) slow down out°migration, (b) c r e a t e a measure o f p r o s p e r i t y 
i n t h e i n t e r i o r . 
The f e a s i b i l i t y o f commercial f a r m i n g was i n t e r p r e t e d as t h e 
development, under p r o f i t a b l e a g r i c u l t u r a l / l i v e s t o c k e n t e r p r i s e s , 
o f c o n t i g u o u s areas based on t h e e x t r a c t i o n o f ground w a t e r , t h e 
a p p l i c a t i o n of modern management methods, a h i g h degree o f 
me c h a n i s a t i o n and th e minimum usage o f l a b o u r and t o i n v o l v e 
l a n d r e c l a m a t i o n and new s e t t l e m e n t . 
However, t h e p r o p o s a l i n i t s o r i g i n a l form c o u l d n o t be 
recommended f o r s e v e r a l main reasons 
1. Water esource s t u d i e s t o date gave l i t t l e i n d i c a t i o n t h a t 
ground-water WOM a v a i l a b l e i n s u f f i c i e n t q u a n t i t y and a t reasonable-
d e p t h , i n any one area t o a l l o w l a r g e s c a l e c o n t i g u o u s development. 
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2. Other p h y s i c a l c o n s t r a i n t s , i n c l u d i n g a e o l i a n d r i f t , 
adverse topography, s h a l l o w s o i l d e p t h , s t o n i n e s s and p o s s i b l e 
f l o o d i n g , a l s o m i l i t a t e d a g a i n s t t h e e x p l o i t a t i o n of c o n t i g u o u s 
a r e a s . 
C 42) 
I n s t e a d , the team recommended t h a t ' :° 
1. The most a p p r o p r i a t e way of d e v e l o p i n g water resourees 
and a g r i c u l t u r e i n t h e i n t e r i o r i s t h r o u g h t h e e s t a b l i s h m e n t o f 
c l u s t e r s of h i g h p r o d u c t i o n i n t e n s i v e s m a l l farms based on groups 
of s h a l l o w w e l l s embracing the advantages o f a modern i r r i g a t i o n 
l a y o u t and e f f i c i e n t w a t e r i n g p r a c t i c e s s u p p o r t e d by e x t e n s i o n 
s e r v i c e s . 
2. The proposed farms are based on f u l l t i m e f a m i l y employment. 
3. I n o r d e r t o prove t h a t t h i s approach i s a c c e p t a b l e and 
a d a p t a b l e t o l o c a l c o n d i t i o n s , a p i l o t p r o j e c t s h o u l d be e s t a b l i s h e d 
i n a s e l e c t e d area as c o n s i d e r e d f a v o u r a b l e from w a t e r , s o i l 
a g r i c u l t u r a l , s o c i o - e c o n o m i c a l and m a r k e t i n g s t a n d p o i n t s . 
I n terms of a c t u a l steps t o be taken t o r e a l i s e these 
o b j e c t i v e s the p r o j e c t would need t o be e s t a b l i s h e d i n two 
(43) 
stages J :-
Stage I : The exact l o c a t i o n and s i z e o f the p i l o t area would 
be d e f i n e d by means o f f u r t h e r water s t u d i e s ( i n c l u d i n g t e s t 
d r i l l i n g ) and a s e m i = d e t a i l e d s o i l survey t o g e t h e r w i t h r e l e v a n t 
a g r i c u l t u r a l , s o c i o - e c o n o m i c a l and m a r k e t i n g surveys. 
Stage I I " would i n v o l v e d r i l l i n g , c o n s t r u c t i o n of the w e l l s and 
i r r i g a t i o n system l a n d r e c l a m a t i o n , farm l a y o u t and the s i t i n g and 
e r e c t i o n of the s e r v i c e c e n t r e , c o m p r i s i n g s t o r e s , machinery 
s e r v i c e area, o f f i c e and accommodation f o r e x p e r t s . 
The e x t e n s i o n c e n t r e would u l t i m a t e l y be expected t o 
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serve a much w i d e r area t h a n the p i l o t p r o j e c t b u t would c o n f i n e 
i t s a c t i v i t i e s t o t h e p i l o t area u n t i l t h i s was o p e r a t i n g 
s u c c e s s f u l l y . I t i s n o t e w o r t h y t h a t these sequences are c l o s e l y 
analogous t o those c a r r i e d out i n the Tauorga p r o j e c t . 
P i l o t p r o j e c t : The p i l o t p r o j e c t would i n c l u d e a number o f 
i n d i v i d u a l farms or farm groups, each group i r r i g a t e d by one or 
more w e l l s . They would be s i t u a t e d around t h e s e r v i c e s e x t e n s i o n 
c e n t r e which would be l i n k e d by a r u r a l road t o the n e a r e s t v i l l a g e . 
Two f i g u r e s were a t t a c h e d t o i l l u s t r a t e t h i s concept and 
are reproduced i n f i g u r e s Nos. 8-2.1 and 8-2.2. 
The f i r s t o f these shows t h e s e r v i c e e x t e n s i o n c e n t r e i n 
r e l a t i o n t o t h e s u r r o u n d i n g farms or farm group. For p u r e l y 
p l a n n i n g purposes i t has been assumed t h a t 11 w e l l s w i l l be d r i l l e d 
w i t h i n a s e l e c t e d area o f 300 h e c t a r e s i d e n t i f i e d d u r i n g stage one 
s e r v i c e e x t e n s i o n c e n t r e and the balance f o r the s u r r o u n d i n g 
f a r m s , t h e average y i e l d b e i n g about 15 l i t r e s per second. 
The second f i g u r e shows 3 farms grouped around one o f the 
l a r g e r w e l l s o f a p p r o x i m a t e l y 20 l i t r e s per second y i e l d . 
8-2.1 Examination by c r i t i c a l p a t h a n a l y s i s of t h e planned 
d e s i g n i n o r d e r t o 
I d e n t i f y and i s o l a t e c r i t i c a l p o i n t s and s t a g e s . 
A. Statement o f the p r o j e c t o b j e c t i v e s : 
1. Slowing down o u t = m i g r a t i o n and 
2. C r e a t i n g measures o f p r o s p e r i t y i n t h e i n t e r i o r . 
These have t o be o b t a i n e d t h r o u g h d e v e l o p i n g a g r i c u l t u r e i n the 
i n t e r i o r and t h i s by the e s t a b l i s h m e n t of h i g h p r o d u c t i o n 
i n t e n s i v e s m a l l farms; t h e l a t t e r w i l l be based on grouped tube 
w e l l water e x t r a c t i o n and d i s t r i b u t i o n , modern i r r i g a t i o n l a y o u t , 
of t h e development. t 4 U e w e l l w i l l p r o v i d e f o r the needs of the 
Fig. No. 8-2.1 Outline concept of a service centre for the 
pilot project, totalling 20 farms/about 80 ha. 
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e f f i c i e n t w a t e r i n g p r a c t i c e s and f u l l e x t e n s i o n s u p p o r t . 
Statement o f t h e p r o j e c t development processes 
There are no r e a l processes o f development because t h e r e 
i s no d e c i s i o n y e t t a k e n t o c o n s t r u c t t h e p r o j e c t . 
The p l a n n e d development processes are shown i n ( p p . 3 3 4 - 3 3 5 ) 
and w i l l be s u b j e c t e d t o a n a l y s i s l a t e r i n t h i s s e c t i o n . 
To o b t a i n s p e c i f i c o b j e c t i v e s , f o r example t o d i m i n i s h 
r u r a l o u t - m i g r a t i o n , some p r e r e q u i s i t e s are needed. 
1) Income from each farm must be -
a. Enough t o meet the expenses necessary t o m a i n t a i n the 
f a m i l y a t a b e t t e r s t a n d a r d t h a n t h e p r e s e n t s t a n d a r d o f 
l i v i n g , or a t a s t a n d a r d c o m p a t i b l e w i t h t h e socio-economic 
and p o l i t i c a l o b j e c t i v e s pursued. 
b. S u f f i c i e n t t o meet t h e c o s t o f p r o d u c i n g and m a r k e t i n g t h e 
p r o d u c t s and t h e payment o f taxes and, perhaps, i n t e r e s t 
on any p o s s i b l e l o n g - t e r m l o a n o b t a i n e d f o r p u r c h a s i n g t h e 
l a n d and payment f o r i n s t a l l a t i o n o f equipment. 
2) Success i n c r e a t i n g measures o f p r o s p e r i t y i n t h e i n t e r i o r 
w i l l depend n o t o n l y , b u t m a i n l y , on t h e c r e a t i o n o f savings and 
d i s p o s a b l e income over and above t h a t r e q u i r e d by t h e farmers f o r 
farm o p e r a t i o n s and immediate f a m i l y needs. Such savi n g s and t h e 
spread e f f e c t s o f h i g h e r demand, t o g e t h e r w i t h o t h e r non-farming 
i n i t i a t i v e i n i n v e s t i n g i n secondary a c t i v i t i e s would a l l be 
necessary f o r g e n e r a t i n g s e l f - s u s t a i n e d g r o w t h i n t h e i n t e r i o r as 
w e l l as government pump-priming. 
L a r g e - s c a l e commercial f a r m i n g c o u l d n o t be recommended 
because o f the reasons mentioned i n (pp; 333-334)instead h i g h p r o d u c t i o n 
i n t e n s i v e s m a l l farms were recommended and t h i s recommendation 
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1„ Grouped tube w e l l water e x t r a c t i o n and d i s t r i b u t i o n 
This d e c i s i o n i s v e r y i m p o r t a n t and must be t r e a t e d w i t h 
r e s e r v e as i t i s t h e d e c i s i v e t e c h n i c a l r e s o u r c e f a c t o r i n t h e 
a g r i c u l t u r e development i n the i n t e r i o r . I t has t o be c o n f i r m e d 
t h a t : -
a. t h e proposed w e l l s w i l l n o t be c o m p e t i t i v e w i t h t h e a f l a j , 
n o t i n g t h a t e x p e r i e n c e proved t h a t w e l l s a r e superseding t h e 
f a l a j * , o t h e r w i s e problems w i l l a r i s e as happened i n t h e 
Tauorga p r o j e c t , 
b. a s u f f i c i e n t l y d e t a i l e d s t u d y i s made o f t h e g e o l o g i c a l 
s t r u c t u r e and t h e h y d r o l o g i c a l s i t u a t i o n i n t h e a r e a . But i t 
i s c l e a r l y mentioned t h a t : 
i . No w e l l s have y e t p e n e t r a t e d and t e s t e d t h e t e r t i a r y 
l i m e s t o n e s , though these may have some p o t e n t i a l . 
i i . Most o f t h e groundwater o f t h e r e g i o n i s e x t r a c t e d by a f l a j . 
C49) 
The assumption t h a t e x i s t i n g w e l l s a re i n s i g n i f i c a n t 
and can be i g n o r e d i s dangerous g i v e n t h e l a r g e r number o f hand-
dug w e l l s c a t a l o g u e d i n t h e r e g i o n by Renardet (1975) * 
The p o s s i b i l i t y o f u n c o n t r o l l e d p r i v a t e e x t r a c t i o n o c c u r r i n g near 
t o planned farms and ca u s i n g p o s s i b l e q u a n t i t a t i v e or q u a l i t a t i v e 
d e t e r i o r a t i o n has t o be tak e n v e r y s e r i o u s l y . 
2. Modern I r r i g a t i o n Layout 
This would i n c l u d e a) d r i l l i n g and c o n s t r u c t i o n o f f u l l y 
equipped p r o d u c t i o n w e l l s i n c l u d i n g a l l pumping equipment, m o t o r s , 
w e l l head i n s t a l l a t i o n and p i p i n g , and b) c o n s t r u c t i o n o f l i n e d 
w a t e r courses a t a r a t e o f a p p r o x i m a t e l y 200 metres r u n per ha. 
Here, b u i l t i n t o t h e d e s i g n i s an e x t r a c t i o n and main d i s t r i b u t i o n 
system w h i c h , f o r a long p e r i o d a t l e a s t , would have t o be 
c o n t r o l l e d n o t by i n d i v i d u a l f a r m e r s , b u t by some p r o j e c t agency. 
* The s i m p l e s t i s no more t h a n a d i v e r s i o n channel l e a d i n g s u r f a c e 
water t o a s m a l l c u l t i v a b l e a r e a , t h e most complex f o r m i n v o l v i n g 
a f a n o f underground t u n n e l s o r g a l l e r i e s t a p p i n g i n d i v i d u a l 
s p r i n g s and c h a n n e l l i n g t h e f l o w o f w a t e r t o a s e t o f d i s t r i b u t o r y 
channels s e r v i n g a l a r g e area o f c u l t i v a t i o n and s e t t l e m e n t . (47) 
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However, f o r h y d r o l o g i c a l reasons, t h e r e cannot be one major 
w a t e r source c e n t r a l l y e x p l o i t e d but r a t h e r , many s m a l l e r t u b e -
w e l l s . The c o n t r o l and s u p e r v i s o r y work, even a t t h i s s t a g e , 
demands a s p e c i a l l y o r g a n i s e d team who would have t o t o u r t h e 
many farm groups; t h i s c o m p l i c a t e s o r g a n i s a t i o n . 
The method o f i r r i g a t i o n t o be a p p l i e d i n t h i s p i l o t 
p r o j e c t i s f u r r o w i r r i g a t i o n i n graded b o r d e r s . Furrow l e n g t h s 
are u n l i k e l y t o exceed 50 metres i n the p r e v a i l i n g sandy s o i l 
o f t h i s p r o j e c t , and a p p l i c a t i o n r a t e s w i l l be h i g h . 
However, i t has t o be b o r n i n mind t h a t t h e f u r r o w 
i r r i g a t i o n method r e q u i r e s a c c u r a t e s o i l l e v e l l i n g . I f t h e s o i l 
i s t o be c u l t i v a t e d t h r e e seasons a year t h e l e v e l l i n g may have 
t o be r e p e a t e d a n n u a l l y . This i s not a t e c h n i q u e known t o Omani 
farme r s who n o r m a l l y use b a s i n systems. I t would, t h e r e f o r e , 
r e q u i r e a s u r v e y i n g team, s p e c i f i c machinery and e x p e r i e n c e d 
s k i l l e d o p e r a t o r s . 
Furrow i r r i g a t i o n method s u i t s some crops such as v e g e t -
a b l e s , but not o t h e r s such as wheat. Should s p r i n k l e r s or t r i c k l e 
i r r i g a t i o n methods be c o n s i d e r e d f o r the p r o j e c t t h e n a s p e c i a l 
maintenance team would have t o be a p p o i n t e d and a s p e c i a l p r o p e r 
t r a i n i n g programme scheduled f o r the s e t t l e r s t o enable them 
t o meet t h e new t e c h n o l o g y . 
3. E f f i c i e n t W a t e r i n g P r a c t i c e s 
This i s d i r e c t l y connected w i t h t h e p r e v i o u s i t e m . E f f i c -
i e n t w a t e r i n g p r a c t i c e s i m p l i e s u t i l i s a t i o n o f t h e i r r i g a t i o n 
w a t e r i n the most economic and p r o f i t a b l e way. This r e q u i r e s 
1) a p r o p e r permanent maintenance o f t h e i r r i g a t i o n system 
2) a c c u r a t e h y d r o l o g i c a l c a l c u l a t i o n , 3) a wise management and 
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4) the s e t t l e r s have t o be t r a i n e d and educated i n o r d e r t o 
obey the i n s t r u c t i o n s and d i s c i p l i n e f o r water d i s t r i b u t i o n and 
a l l o c a t i o n . 
I t was suggested t h a t t h e s e t t l e r s s h o u l d c o n s t r u c t t h e i r 
own r e s e r v o i r s i f t h e y so wished. J This c o u l d be a d i s a d -
vantage because f i r s t l y t h i s w i l l cause problems as those 
e x p e r i e n c e d i n t h e M i s u r a t a development p r o j e c t (see c h a p t e r , 4 
P« 113 ) • Secondly, t h i s might remove t h e n e c e s s i t y t o obey 
th e d i s c i p l i n e o f water d i s t r i b u t i o n . T h i r d l y , t h e s e t t l e r s 
m ight move t o o t h e r changes such as e r e c t i n g houses i n s i d e the 
farms or adapt t h e i r r i g a t i o n c a n a l s f o r t h e i r p e r s o n a l b e n e f i t . 
However, the s e l e c t i o n , t r a i n i n g and s e t t l e m e n t o f farmers 
must c o n s i d e r those who had e x p e r i e n c e i n a g r i c u l t u r e or had 
been w o r k i n g i n a g r i c u l t u r e p r e v i o u s l y , t h e i r w i l l i n g n e s s t o obey 
i n s t r u c t i o n s and d i s c i p l i n e s e s s e n t i a l f o r t h e smooth r u n n i n g o f 
such farms. 
The s t a t e d w i s h o f t h e l o c a l i n h a b i t a n t s t o t a k e advantage 
o f e s t a b l i s h i n g new farms and w e l l i r r i g a t i o n , and e s t a b l i s h i n g 
gardens on t h e i r own account, t o t h e team who c a r r i e d out t h e 
s t u d y , i s not enough t o r e l y on, as we can see from our o t h e r 
examples. 
The s e t t l e r s must e n t i r e l y u n d e r s t a n d t h e government's 
p o l i c y and t e c h n i c a l a d v i c e i n t h i s s e t t l e m e n t p r o j e c t i f t h e r e 
i s t o be t h e d e s i r e d response t o the government d e c i s i o n s . I f , 
f o r example, they are a d v i s e d t o grow crop x i n s t e a d o f crop y, 
w i l l t h e s e t t l e r s respond or r e j e c t i t because of t h e r i s k 
i n v o l v e d ? Perhaps t h e y w i l l accept t h e n e c e s s i t y t o grow crop x 
i f t h e y can u n d e r s t a n d the reasons f o r growing i t and a l s o t h a t 
th e government w i l l guarantee them a g a i n s t crop f a i l u r e . 
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However, b e s i d e t h e proposed t r a i n i n g o f s e t t l e r s i n 
modern i r r i g a t i o n t e c h n i q u e s , the use o f water i n r e l a t i o n t o 
crop growth and i t s seasonal a c t i v i t y , t he o f f e r i n g o f d e t a i l e d 
a d v i c e on crop and l i v e s t o c k husbandry t e c h n i q u e s , and t h e 
guidance o f s e t t l e r s i n the use and p r o p e r a p p l i c a t i o n of a l l 
i n p u t s , an e d u c a t i o n a l programme must be i n t r o d u c e d , t o g e t h e r 
w i t h t h i s proposed t r a i n i n g programme. The s e t t l e r s s h o u l d know 
how t o r e c o r d i n f o r m a t i o n and be f a m i l i a r w i t h bookkeeping. 
A l l t h i s throws v e r y heavy r e s p o n s i b i l i t i e s onto p r o j e c t 
management and i n p a r t i c u l a r t h e e x t e n s i o n s e r v i c e s . This i s n o t 
a g e n e r a l i s a t i o n but a r i s e s d i r e c t l y from t h e l i m i t a t i o n s imposed 
by the s p a t i a l d i s t r i b u t i o n and d e t a i l e d c h a r a c t e r i s t i c s o f s o i l 
and water r e s o u r c e s a v a i l a b l e . 
Drainage System: 
Table No. 8-2.1.1 shows the chemical and p h y s i c a l a n a l y s i s 
f 53") 
f o r a s o i l p r o f i l e near Kamil. v J I t i s obvious from t h e 
t a b l e t h a t t h e g r a i n s i z e d i s t r i b u t i o n i s i n d i c a t i v e o f a v e r y 
low c l a y c o n t e n t w i t h f i n e sand b e i n g the dominant f r a c t i o n . 
There i s some degree o f s a l i n i t y , b u t w i t h such a coarse t e x t u r e d 
s o i l s a l i n i t y c o n t r o l under i r r i g a t i o n s h o u l d p r e s e n t no problems. 
However, t h e n o n - i n s t a l l a t i o n o f a d r a i n a g e system c o u l d be 
dangerous. The q u e s t i o n i s not j u s t l e a c h i n g t h e s a l t c o n t e n t 
o f the s o i l g o i n g t o be c u l t i v a t e d , but a l s o t o d e s a l t the 
r e l a t i v e l y s a l i n e w a ter and p r e v e n t t h e d e t e r i o r a t i o n o f s o i l 
s t r u c t u r e over a p e r i o d o f t i m e . 
As we r o t e d i n the UAE and s h a l l n o t e i n the case o f Q a t i f , 
s u b s u r f a c e c a r b o n a t e h o r i z o n s are common i n r e g i o n s such as t h i s 
and even f r e e - d r a i n i n g g r a v e l s o i l s can become g l e y e d w i t h i n a 
few years t h r o u g h over heavy water a p p l i c a t i o n s . The h i g h water 
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Table No. 8-2.1.1 The chemical and p h y s i c a l a n a l y s i s f o r 
a s o i l p r o f i l e 
H o r i zon A B C D E F G 
Depth (cm) 0=20 20-40 45=100 
Colour 7,SYR66 7,5YR66 7.5YR66 
Clay 2u % 7.2 9.7 18.0 
PI Fine s i l t 2° 20u 
0. 
0 3.1 3.5 5.9 
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ti
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F ine sand 
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Gr
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d u t y i n such a c l i m a t e , t o g e t h e r w i t h t h e h i g h l e a c h i n g r e q u i r e -
ment can e a s i l y c r e a t e t h e danger o f perched water t a b l e s , 
s a l i n i t y b u i l d up and t h e d e s t r u c t i o n o f s o i l . 
4. F u l l E x t e n s i o n Support 
I t i s recommended t o s u p p o r t t h e proposed s m a l l i n t e n s i v e 
i r r i g a t e d farms w i t h f u l l e x t e n s i o n s u p p o r t . The l a t t e r w i l l be 
o p e r a t e d by t h e s e r v i c e e x t e n s i o n c e n t r e which a l s o i n c l u d e s t h e 
management s i t e , d e m o n s t r a t i o n and t r a i n i n g a r e a , workshop e t c . 
F u l l e x t e n s i o n s u p p o r t w i l l i n c l u d e s u b s i d i e s f o r p r o v i d i n g 
s e t t l e r s w i t h i n p u t s such as a g r i c u l t u r a l machinery, f e r t i l i z e r s , 
seeds, c h e m i c a l s , t r a n s p o r t i n g and a d v i c e . S e t t l e r s are c u r r e n t l y 
s u b s i d i s e d t h r o u g h the s u p p l y o f i n p u t s and s e r v i c e s which are 
f 541 
p r o v i d e d by government a t a p p r o x i m a t e l y h a l f market c o s t ; ^ 
s i m i l a r l y , the r a t e s f o r machinery h i r e are w e l l below o p e r a t i o n a l 
c o s t . 
Also s e t t l e r s w i l l have f a c i l i t i e s f o r t h e i r o u t p u t s such as 
h a r v e s t i n g , g r a d i n g , w r a p p i n g , p a c k a g i n g , t r a n s p o r t i n g and 
m a r k e t i n g . These i n p u t and o u t p u t f a c i l i t i e s are t y p i c a l l y o f f e r e d 
by T h i r d World c o u n t r i e s , p a r t i c u l a r l y o i l p r o d u c i n g c o u n t r i e s . 
This perhaps w i l l encourage the s e t t l e r s , but -
A. Such f a c i l i t i e s have t o be backed up w i t h o t h e r e s s e n t i a l i n p u t 
f a c t o r s such as: 
( i ) Wise management t o o r g a n i z e and manage th e s o i l , w a t e r , 
f a r m i n g o p e r a t i o n , and h a r v e s t i n g e t c . i n t h e b e s t a p p l i c a b l e way 
t o s u i t t h e p r e v a i l i n g c o n d i t i o n s i n the i n t e r i o r ; 
( i i ) human ex p e r i e n c e and s k i l l s such as those o f a g r o n o m i s t s , 
p e d o l o g i s t s , h y d r o l o g i s t s , and a g r i c u l t u r a l machinery d r i v e r s e t c ; 
( i i i ) equipped workshops w i t h e x p e r i e n c e d s t a f f and the necessary 
spare p a r t s i n o r d e r t o be a b l e t o cope w i t h t h e necessary 
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r e p a i r i n g and maintenance: 
( i v ) p r o p e r maintenance team f o r t h e p r o j e c t components; 
(v) p roper m a r k e t i n g processes and t r a n s p o r t i n g o f the 
a g r i c u l t u r a l p r o d u c t i o n s ; and 
( v i ) market access, 
B. Two f u r t h e r p o i n t s need t o be commented on here -
( i ) I t i s j u s t i f i a b l e t o s u b s i d i s e t h e s e t t l e r s t h r o u g h the 
sup p l y o f i n p u t s e s p e c i a l l y i n the i n i t i a l stages o f t h e p r o j e c t . 
( i i ) I t i s n o t wise t o s u b s i d i s e t h e h i r e o f machinery a t a r a t e 
w e l l below o p e r a t i o n a l c o s t s because these machines need f u e l , 
r e p a i r and maintenance e t c , t o keep them o p e r a t i o n a l . The aim of 
s e l f ^ s u s t a i n e d growth w i l l be d e f e a t e d i f government s e r v i c e s 
remove t h e need f o r p r i v a t e e f f i c i e n c y and i n v e s t m e n t , 
C. The s e r v i c e e x t e n s i o n c e n t r e •» 
( i ) Since t he c e n t r e o f a c t i v i t i e s w i l l n o t o p e r a t e t o i t s f u l l 
c a p a c i t y a t the s t a r t , t h e n some i d e n t i f i c a t i o n of the minimum 
base needs i s r e q u i r e d , f r o m which f u r t h e r expansion c o u l d grow. 
The same q u e s t i o n a r i s e s here; how are the c e n t r e components 
t o be ma i n t a i n e d ? who w i l l pay the c o s t of consumed e l e c t r i c i t y 
and water? who w i l l pay t h e c o s t o f maintenance o f the sewage 
system, the roads e t c . ? E v e n t u a l l y , these w i l l e i t h e r have t o 
be met by some system o f payments by s e t t l e r s or p e r p e t u a l l y 
f i n a n c e d by government, 
( i i ) A l l t he s e t t l e r s are Moslims; so t o make the c e n t r e more 
a t t r a c t i v e i t i s a good i d e a t o recommend a mosque. A d d i t i o n a l l y , 
a p o l i c e s t a t i o n i s necessary and a te l e p h o n e f o r communication. 
These s o c i a l s e r v i c e s are i m p o r t a n t and must be c o n s i d e r e d . 
T h e i r i n f l u e n c e w i l l be s i m i l a r t o those d e s c r i b e d i n Chapter No.5 
£>p« „ J 5 - ^ 0 S ) b u t i n th.' case has t o extend over a l a r g e area o f 
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n on-contiguous groups o f s m a l l farms. T h i s a g a i n r e q u i r e s s p e c i a l 
d e s i g n and o r g a n i s a t i o n . 
5. M a r k e t i n g ~ Commercial v i a b i l i t y 
Assuming t h a t a l l t h e f a r m i n g o p e r a t i o n s i n t h e proposed 
c l u s t e r s o f h i g h p r o d u c t i o n i n t e n s i v e s m a l l farms are r u n n i n g t o 
p l a n and a g r i c u l t u r a l p r o d u c t i o n i s i n i t i a t e d t h e r e are s t i l l 
v i t a l f a c t o r s t o c o n s i d e r b e f o r e a s s e s s i n g the commercial 
v i a b i l i t y o f the scheme. Of these t h e most i m p o r t a n t i s t h e 
v a l u e of t h e a g r i c u l t u r a l p r o d u c t s . Those v i t a l f a c t o r s are -
F i r s t , t he m a r k e t i n g p r o c e s s . As has been mentioned 
the e s t a b l i s h m e n t o f farmers c o o p e r a t i v e s under government 
guidance i s e s p e c i a l l y i m p o r t a n t . P e r i s h a b l e s such as v e g e t a b l e s 
are l i k e l y t o f e a t u r e p r o m i n a n t l y i n c r o p p i n g p a t t e r n , hence 
s u c c e s s f u l m a r k e t i n g must depend i n t u r n on t i m e l y h a r v e s t , 
adequate g r a d i n g , w r a p p i n g , p a c k i n g and r a p i d t r a n s p o r t t o 
consumer c e n t r e s . 
But the q u e s t i o n a r i s e s whether such m a r k e t i n g processes 
w i l l be a c c e p t a b l e t o and can be c a r r i e d out by the s e t t l e r s . 
T h is q u e s t i o j i has a r i s e n i n many d e v e l o p i n g c o u n t r y s i t u a t i o n s . 
Second, the p r o s p e c t o f those a g r i c u l t u r a l p r o d u c t s i n 
t h e markets. The two main q u e s t i o n s concern the a b i l i t y o f 
these p r o d u c t s t o compete w i t h o t h e r commodities a v a i l a b l e 
i n t h e market and whether the r e t u r n on them can cover t h e c o s t of 
maintenance of p r o j e c t components such as t h e s e r v i c e c e n t r e , a l l 
o t h e r p r o d u c t i o n c o s t s as w e l l as p r o v i d i n g adequate f a r m e r s ' 
income. I n p u t and o u t p u t c a l c u l a t i o n s i n the r e p o r t showed 
good p r o s p e c t s f o r t h e p r o j e c t a t t h a t t i m e , b u t t h e market 
s i t u a t i o n i s c o n t i n u o u s l y changing and as w i t h commodities i n 
Or.iv. such d a t e s , f i s h , l i m e s , wheat, f r u i t s e t c , t h e 
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s i t u a t i o n i s f a r from s t r a i g h t f o r w a r d , f o r example t h e 
wheat area i n t h e i n t e r i o r o f Oman has d e c l i n e d as a r e s u l t o f 
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the i m p o r t a t i o n o f A u s t r a l i a n wheat. ^ J There are s e v e r a l 
ways o f d e a l i n g w i t h t h e market o u t l e t problem and most have 
been t r i e d i n o t h e r Arab c o u n t r i e s , w i t h o u t any marked success. 
( i ) The government may i n t e r v e n e by p u t t i n g a r e s t r i c t i o n on 
i m p o r t i n g a g r i c u l t u r a l commodities and i n t h i s case t h e government 
has t o make sure t h a t t h e l o c a l p r o d u c t i o n can cover t h e l o c a l 
demand. But many i n h a b i t a n t s w i l l n o t be a b l e t o a f f o r d such 
commodities a t the p r i c e which t he government impose u n l e s s s a l e s 
p r i c e s are s u b s i d i s e d . 
( i i ) Given t h e need f o r e s t a b l i s h i n g t h e c o n f i d e n c e o f t h e 
fa r m e r s i n n o n - t r a d i t i o n a l , commercial and improved t e c h n o l o g y 
f a r m i n g t h e r e would be a case f o r government f i n a n c i a l s u p p o r t 
i n i t i a l l y , and t o cover e.g. e i t h e r u n f o r e s e e a b l e crop f a i l u r e , 
or t h e i n e v i t a b l e p e r i o d s o f n e e d f u l m o d i f i c a t i o n s i n the l i g h t 
o f e x p e r i e n c e . I t would have t o be c l e a r however t h a t such a c t i o n 
would be o n l y temporary. 
( i i i ) The i m p o s s i b i l i t y o f d e v e l o p i n g a l a r g e compact area g i v e n 
the d i s t r i b u t i o n and c h a r a c t e r i s t i c s o f water and l a n d resources 
and t h e need t o i n v o l v e f a r m i n g f a m i l i e s t o g e t h e r determine 
t h a t t h e development area w i l l be p h y s i c a l l y fragmented. This i n 
t u r n w i l l r a i s e a l l p r o d u c t i o n r u n n i n g c o s t s . 
( i v ) Given ( i i i ) above, t h e need f o r v e r y h i g h v a l u e y i e l d s per 
h e c t a r e i s v e r y s t r o n g and l i t t l e room i s l e f t f o r m a r g i n a l 
f a i l u r e s or d e f i c i e n c i e s . Yet the h i g h l y i n t e n s i v e p r o d u c t i o n o f 
s p e c i f i c crops p r o p e r l y u s i n g h i g h l y s p e c i f i c i n p u t s depends on 
the p r e v i o u s l y t r a d i t i o n a l c u l t i v a t o r s r a p i d l y r e sponding t o 
ab n o r m a l l y capable a d v i c e and s u p e r v i s i o n . 
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B. C r i t i c a l convergence and d i v e r g e n c e p o i n t s 
The p r o j e c t has t o be c o n s t r u c t e d , o p e r a t e d , produced 
and c o m m e r c i a l i s e d t h r o u g h t e n development processes w h i c h have 
t o be c a r r i e d out c a r e f u l l y ; t h e r e w i l l be i n t e r f a c e s between 
some of them and c r i t i c a l p o i n t s a t which a l l o r some o f t h e 
te n development processes must converge i n o r d e r f o r the whole 
process t o p r o g r e s s (as shown i n F i g . No. 8-2.1.2). 
F u r t h e r m o r e , w i t h i n each development process t h e r e are 
i n t e r f a c e s between i t s component elements and a l s o t h e r e w i l l be 
c r i t i c a l p o i n t s a t which a l l o f these component processes must 
converge. I n o r d e r t o make the a n a l y s i s , i d e n t i f y and i s o l a t e 
t h e c r i t i c a l c onvergencies e a s i e r t he stages o f development are 
shown i n F i g . No. 8-2.1.2 i n f o u r s t a g e s : -
1. I d e n t i f i c a t i o n o f p h y s i c a l r e s o u r c e s . 
2. C o n s t r u c t i o n A, whic h deals w i t h the c o n s t r u c t i o n o f the 
e x p e r i m e n t a l farms. 
3. C o n s t r u c t i o n B, whic h de.-ls w i t h t h e c o n s t r u c t i o n o f t h e 
p i l o t p r o j e c t . 
4. P r o d u c t i o n , which d e a l s w i t h t h e f a r m i n g o p e r a t i o n s 
and m a r k e t i n g . 
Some of t h e t e n development processes 1 and 2, i d e n t i f i c a t i o n 
o f p h y s i c a l resources and 6-1, t h e s e l e c t i o n o f f a r m e r s , must 
commence as soon as t h e government takes t h e d e c i s i o n t o b u i l d 
t h e p r o j e c t . Development processes Nos. 3, 4 and 5 of the stage 
c o n s t r u c t i o n A are i m p o s s i b l e t o commence b e f o r e t h e convergence 
p o i n t No. 1 takes p l a c e . The same i s t r u e w i t h t h e development 
processes Nos. 6-2, 7 and 8 o f t h e stage c o n s t r u c t i o n B whic h 
are i m p o s s i b l e t o commence b e f o r e convergence p o i n t No.2 takes 
p l a c e . Again development processes Nos. 9 and 10 can n o t 
commence b e f o r e convergency p o i n t No. 3 takes p l a c e . I n between 
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the development processes o f each stage t h e r e i s a p r i o r i t y o f 
commencement. For example i n t h e stage o f i d e n t i f i c a t i o n , t he 
f i r s t d e v e l o p i n g process t o s t a r t w i t h , a f t e r i t e m No. 6-1, 
s e l e c t i o n o f f a r m e r s , s h o u l d be t h e development process No. 1 -
s o i l s u r v e y i n g f o r i d e n t i f i c a t i o n o f c u l t i v a b l e l a n d . Second 
one t o s t a r t i s t h e n e x t i n terms o f n e c e s s i t y i . e . d e v e l o p i n g 
i t e m No. 2, w e l l d r i l l i n g , because t h e l o c a t i o n o f t h e c u l t i v a b l e 
s o i l w i l l d e t e r m i n e the l o c a t i o n o f bore h o l e s . Some o f t h e 
d e v e l o p i n g processes have i n t e r n a l p r i o r i t y such as d e v e l o p i n g 
process No. 4, c o n s t r u c t i o n o f t h e s e r v i c e e x t e n s i o n c e n t r e 
b e f o r e the homesteads. 
1. I d e n t i f i c a t i o n o f p h y s i c a l r e s o u r c e s 
The f a r m e r s t o be s e t t l e d must be s e l e c t e d and known 
b e f o r e any c o n s t r u c t i o n a c t i v i t i e s i n the p r o j e c t ; i n the Tauorga 
p r o j e c t a l s o these were necessary but was n o t c a r r i e d o u t . 
As t h e farmers are s e l e c t e d , t o o l s , equipment, p i p e s , m o t o r s , 
machinery, c o n s t r u c t i o n m a t e r i a l s e t c . f o r s o i l s u r v e y i n g , d r i l l i n g 
o p e r a t i o n s , c o n s t r u c t i o n and r e c l a m a t i o n must be assembled on 
s i t e and t h i s means t h a t those i m p o r t e d items w i l l have a l r e a d y 
been o r d e r e d from abroad and t r a n s p o r t e d f r o m Muscat t o the s i t e ; 
a t t h e same t i m e t h e human s k i l l s must be ready t o be developed. 
At t h i s p o i n t s o i l s u r v e y i n g f o r i d e n t i f i c a t i o n o f c u l t i v a b l e 
s o i l and d r i l l i n g o p e r a t i o n s can be s t a r t e d ; b u t i n a r i d and 
semi a r i d r e g i o n s where o n l y groundwater i s a v a i l a b l e t h e d e t a i l s 
o f g e o h y d r o l o g i c a l aspects become v e r y c r i t i c a l . Here t h e 
d i f f i c u l t y w h i c h a r i s e s i s whether t o s t a r t processes 3 and 5 a t 
i n d i v i d u a l s i t e s one by one as water and s o i l r e s u l t s come i n , or 
whether t o w a i t f o r the whole programme o f r e s o u r c e i n v e s t i g a t i o n 
t o be completed b e f o r e any processes 3 or 5 are s t a r t e d . Even t h e 
l o c a t i o n of process 4 might have t o be d e c i d e d i n t h e same way. 
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Again t h i s i s n o t a m a t t e r f o r g e n e r a l i s a t i o n . We know from 
o t h e r s t u d i e s i n Oman and analogous t e r r a i n i n t h e U n i t e d 
Arab Emirates t h a t s o i l and groundwater c h a r a c t e r i s t i c s vary-
g r e a t l y over s h o r t d i s t a n c e s and t h a t t r u s t w o r t h y w a ter b o r e h o l e 
r e s u l t s i n p a r t i c u l a r cannot be o b t a i n e d q u i c k l y or e a s i l y . 
I n Tauorga the process o f water r e s o u r c e and s o i l survey was 
rendered somewhat e a s i e r by p r e - e x i s t i n g knowledge o f Tauorga 
s p r i n g f l o w s , but even t h e r e t h e e s t i m a t e s o f the volume o f water 
a v a i l a b l e f i n a l l y p roved i n c o r r e c t , and t h e r i s k o f s i n k - h o l e 
development was g r e a t e r t h a n expected. 
Here, t h e r e f o r e , t h e c a l c u l a t e d r i s k o f s e l e c t i n g l o c a t i o n s 
f o r farm c l u s t e r s one by one m i g h t have t o be t a k e n i f t h e whole 
stage of i d e n t i f i c a t i o n o f p h y s i c a l r e s o u r c e s i s n o t t o t a k e t o o 
long i n terms o f o t h e r r e q u i r e m e n t s . I n F i g 8-2.1.2, t h e r e f o r e 
a s e r i e s o f m i n i convergence p o i n t s i n processes 1 and 2, 
c u m u l a t i v e l y l e a d i n g t o major convergence p o i n t No. 1, are shown. 
2. C o n s t r u c t i o n A 
When th e d e v e l o p i n g process No. 4 i s s t a r t e d , f o l l o w i n g 
s u c c e s s f u l i d e n t i f i c a t i o n and e x p l o i t a t i o n o f w a t er and s o i l 
r e s o u r c e s , i t i s recommended t o s t a r t t h e c o n s t r u c t i o n as the 
f o l l o w i n g p r i o r i t y o r d e r : - h o u s i n g , o f f i c e , canteen because th e y 
are r e q u i r e d as soon as a c t i v i t i e s s t a r t i n t h e p r o j e c t , and 
t h e n t h e s t o r e , workshop e t c . a c c o r d i n g t o t h e i r need f o r use 
and so on. 
S l i g h t l y a f t e r process 4, No. 5, l e v e l l i n g , r e c l a m a t i o n 
and g r a d i n g , t o g e t h e r w i t h i t e m No.3 , c o n s t r u c t i o n o f i r r i g a t i o n 
n etwork must s t a r t and must be p e r f o r m e d by e x p e r i e n c e d s k i l l e d 
o p e r a t o r s i n o r d e r t o a v o i d the over g r a d i n g o r t e c h n i c a l 
m i s t a k e s as happened i n some f i e l d s d u r i n g l e v e l l i n g or d u r i n g 
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the i r r i g a t i o n canals c o n s t r u c t i o n i n the Tauorga p r o j e c t . 
However, d e v e l o p i n g processes Nos. 3, 4 and 5 must converge a t 
the same time a t convergency p o i n t No. 2 o t h e r w i s e stage 
c o n s t r u c t i o n B can not be s t a r t e d . 
3. C o n s t r u c t i o n B 
A f t e r convergence p o i n t No. 2 i s reached the e x p e r i m e n t a l 
farm can be o p e r a t e d and t h i s i s the p o i n t a t which development 
process No. 6-2, t r a i n i n g o f f a r m e r s , s h o u l d s t a r t . At' t h e 
same ti m e the processes which a t t a i n e d convergence p o i n t No. 2 must 
c o n t i n u e , t o g e t h e r w i t h i t e m No. 7, e r e c t i o n o f f e n c i n g and 
c o n s t r u c t i o n o f farm roads and i t e m No. 8, p l a n t a t i o n o f shade 
t r e e s and wind b r e a k s , w h i c h w i l l j o i n t h e a c t i v i t i e s l a t e r , 
moving towards convergence p o i n t No. 3. Of course u n l e s s t h i s 
convergence p o i n t takes p l a c e t h e n e x t s t a g e , p r o d u c t i o n and 
m a r k e t i n g can n o t be s t a r t e d . 
4. P r o d u c t i o n and M a r k e t i n g 
As convergence p o i n t No. 3 i s reached a l l the a g r i c u l t u r a l 
m achinery, t o o l s , v e h i c l e s , seeds, f e r t i l i z e r s , chemicals on 
the one hand,and t h e t r a i n e d s e t t l e r s and the human s k i l l s on 
the o t h e r hand, must be on standby. 
I n o r d e r t o s t a r t t h e d e v e l o p i n g process No. 9, f a r m i n g 
o p e r a t i o n s , w h i c h i n c l u d e p l o u g h i n g , e a r t h embankments, p r e -
i r r i g a t i o n , * f e r t i l i z i n g , sowing, i r r i g a t i o n , c h emicals and 
h a r v e s t i n g must be i n hand. D u r i n g t h i s p e r i o d d e t a i l s o f 
m a r k e t i n g processes must be e s t a b l i s h e d , communications w i t h the 
market t o know the demand and p r i c e s i t u a t i o n must t a k e p l a c e 
* I t would be necessary t o l e t the v i r g i n s o i l s e t t l e b e f o r e 
sowing or p l a n t i n g and t h e time schedule must t a k e t h i s 
i n t o account. 
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as t h e d e v e l o p i n g process No. 10, m a r k e t i n g , w i l l commence a f t e r 
about f o u r months o f t h e f a r m i n g o p e r a t i o n s s t a r t i n g . I t has t o 
be c a r e f u l l y u n d e r s t o o d t h a t as t h e r e w i l l be t h r e e crops a year 
e.g. w i n t e r , e a r l y summer and l a t e summer seasons, t h e r e w i l l be 
t h r e e m a r k e t i n g processes i n a d d i t i o n t o m a r k e t i n g o f t h e 
p e r e n n i a l c r o p s . And thus t h r e e maximum peak p e r i o d s w i l l appear 
d u r i n g t he year e.g. h a r v e s t i n g o f the c r o p , m a r k e t i n g p r o c e s s e s , 
c l e a r i n g f i e l d s o f t h e p r e v i o u s crop and p r e p a r a t i o n f o r t h e n e x t 
season. Any d e l a y i n t h e h a r v e s t i n g and/or t h e s o i l p r e p a r a t i o n 
m i g h t l e a d t o the l o s s o f t h e n e x t season. 
I n t h i s example, we cannot s e t t h e sequence o f processes 
i n r e a l t i m e but i f i m p l e m e n t a t i o n had been c a r r i e d out t h i s 
would have been necessary. This would a l s o have p o i n t e d t o the 
need f o r each s e t o f paths w i t h i n each stage and process t o be 
e x a c t l y i n t e g r a t e d . I n t h e r e p o r t a n a l y s e d h e r e , as w i t h t h e 
Tauorga and U.A.E r e p o r t s , t h e r e i s no emphasising o f how 
i m p o r t a n t t o p r o j e c t success i s t h e k i n d o f sequence i n t e g r a t i o n 
exposed by c r i t i c a l p a t h a n a l y s i s . 
S e v e r a l fundamental q u e s t i o n s a r i s e from t h i s a n a l y s i s : 
1. Can Oman a f f o r d , s u p p l y o r deploy a l l t h e r e q u i r e d human 
s k i l l s necessary t o each process? 
2. Can Oman sup p l y o r a f f o r d t h e t e c h n o l o g y r e q u i r e d t o 
c o n s t r u c t t h e p r o j e c t ? 
3. Can Oman i m p o r t t h e necessary i n p u t s such as ch e m i c a l s , 
f e r t i l i z e r and the a g r i c u l t u r a l machinery, b o t h i n t o t a l and 
on schedule? 
4. Can Oman keep a l l t h e p r o j e c t components maintai n e d ? 
5. Can or w i l l t h e Omani c u l t i v a t o r s o p e r a t e t h e p r o j e c t 
as . '.  rod - hie*- r>r -c" v e t i o n i n t e n s i v e farms - w i t h l i m i t a t i o n s 
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on i n d i v i d u a l c o n t r o l o f l a n d and water? 
6. Can t h e r e be s u f f i c i e n t c o n t i n u i t y o f e x p a t r i a t e s k i l l e d 
i n p u t s and o f Omani t e c h n i c a l management assured f o r the 
p e r i o d o f years necessary f o r p r o j e c t success, o t h e r t h i n g s b e i n g 
equal? 
7. Can Oman c r e a t e a commercial v i a b i l i t y f o r the a g r i c u l t u r e 
p r o d u c t s ? 
8. Can t h e s m a l l f a m i l y - f a r m p r o d u c t i o n u n i t s , each o f about 
4 ha. and o r g a n i z e d i n r e l a t i v e l y s m a l l c l u s t e r s , u l t i m a t e l y 
s u s t a i n the c o s t and g i v e r e t u r n s on i n v e s t m e n t ? 
8-2.2 Concept o f the "law o f the minimum" 
The i d e n t i f i c a t i o n of c r i t i c a l l e v e l s o f i n d i v i d u a l i n p u t s 
and f a c t o r s which i f not reached w i l l e i t h e r damage or i n v a l i d a t e 
t h e p r o j e c t . As we had seen, the p r o j e c t needed f o u r stages o f 
development processes. 
Before i l l u s t r a t i n g the a p p l i c a t i o n o f t h e concept of 
L i e b i g ' s "Law o f the minimum" we have t o accept t h a t : 
v a r i o u s i n p u t s i n s p e c i f i c q u a n t i t i e s and q u a l i t i e s and 
a v a i l a b l e t o a s p e c i f i c schedule have t o i n t e r a c t i n o r d e r t o 
form a d e v e l o p i n g p r o c e s s . Let us randomly choose any o f t h e 
d e v e l o p i n g processes (shown i n F i g . No. 8-2.1.2)such as i t e m 
No. 5 - l e v e l l i n g , r e c l a m a t i o n and g r a d i n g . The i n p u t s r e q u i r e d 
here are : 1. management, 2. s u r v e y i n g equipment, 3 s u r v e y o r s , 
4, t r a n s p o r t a t i o n , 5. l a b o u r e r s , 6. g r a d e r , 7 l a n d p l a n e s , 
8. t r a c t o r s anu 9. d r i v e r s . 
Assuming t h a t a l l i n p u t s , except i n p u t No. 9 because th e 
o p e r a t o r s are n o t s u f f i c i e n t l y s k i l l e d and e x p e r i e n c e d , are 
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p e r f e c t l y p r o v i d e d a c c o r d i n g t o t e c h n i c a l s p e c i f i c a t i o n , t h e n 
i t e m No. 5 w i l l be i n v a l i d because the even f i e l d d i s t r i b u t i o n 
of i r r i g a t i o n water and the a p p l i c a t i o n o f f u r r o w i r r i g a t i o n i n 
graded bor d e r s are d i f f i c u l t or perhaps i m p o s s i b l e . 
Now we say "because o f the d e f i c i e n c y or the absence o f 
one necessary c o n s t i t u e n t such as i n p u t No. 9 ( s k i l l e d e x p e r i e n c e d 
d r i v e r s ) , a l t h o u g h a l l the o t h e r i n p u t s Nos. 1-8 are p r e s e n t , i t e m 
No. 5 ( l e v e l l i n g , r e c l a m a t i o n and g r a d i n g ) i s rendered i n e f f e c t i v e 
f o r a l l processes o f c u l t i v a t i o n , t o t h e l i f e o f w h i c h t h a t one 
c o n s t i t u e n t i s i n d i s p e n s a b l e " . 
F u r t h e r , assuming t h a t a l l , except i t e m No. 5, of t h e t e n 
d e v e l o p i n g processes are p e r f e c t l y c o n s t r u c t e d a c c o r d i n g t o the 
t e c h n i c a l s p e c i f i c a t i o n , t h e proposed p r o j e c t w i l l be i n v a l i d a t e d 
because of t h e d e f i c i e n c y o f i t e m No. 5 and a l s o by i t s adverse 
e f f e c t upon o t h e r i t e m s . Item No. 5 was randomly chosen, and i t 
s h o u l d be borne i n mind t h a t the proposed p r o j e c t w i l l be a l s o 
i n v a l i d a t e d even i f a l l processes o f development except i t e m 6-2, 
t r a i n i n g of f a r m e r s i n new f a r m i n g t e c h n o l o g y were completed. 
What i s now a p p e a r i n g , as a l s o a t Tauorga and Tawi M i l e i h a , 
i s t h a t under c o n d i t i o n s o f v i r g i n l a n d development i n a r i d and 
s e m i - a r i d r e g i o n s , e s p e c i a l l y i n d e v e l o p i n g c o u n t r i e s , t h e 
extreme c r i t i c a l i t y o f those i n p u t s a s s o c i a t e d w i t h s p e c i f i c a l l y 
a v a i l a b l e l a n d and water r e s o u r c e s must be r e c o g n i s e d . By 
d e f i n i t i o n , t h e s c i e n t i f i c b a s i c d a t a f o r any p a r t i c u l a r p r o j e c t 
i s almost a l l d e r i v e d from p r e = f e a s i b i l i t y r e s o u r c e survey 
and drawn f r o r analogous r e g i o n s elsewhere and i s never complete 
or w h o l l y a c c u r a t e . The r e l a t i v e freedom o f manoeuvre i n each 
case i s n e c e s s a r i l y l i m i t e d and the need f o r f u r t h e r a d j u s t m e n t s 
i n t he l i g h t o f m o n i t o r i n g r e s u l t s o f use has t o be accepted. 
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What m a t t e r s t h e n i s whether t h e i d e n t i f i c a t i o n o f s p e c i f i c 
m i n i m a l i n p u t s necessary f o r t he s u c c e s s f u l use of r e s o u r c e s can 
be fed°back i n t o (a) t h e statement o f p o l i c y o b j e c t i v e s (b) the 
ge n e r a l d e s i g n , so t h a t f l e x i b i l i t y can be maximised and t h e 
p r o j e c t n o t be made too s e n s i t i v e t o , f o r example, v a r i a t i o n s i n 
groundwater q u a l i t y or s o i l t e x t u r e . 
8-2.3 S u i t a b i l i t y and interdependence o f the i n p u t f a c t o r s 
i n f l u e n c i n g t h e p r o j e c t development processes" 
S u i t a b i l i t y 
The s u i t a b i l i t y o f development f a c t o r s i n v o l v e d i n t h i s 
s e t t l e m e n t p r o j e c t (shown i n t a b l e No. 8-2.3.1) i s i n d i c a t e d by 
the same symbols used p r e v i o u s l y i . e . ( + ) , (-) and (?) conducive 
t o success, i n h i b i t i n g and p o s s i b l y i n h i b i t i n g r e s p e c t i v e l y . 
The i m p r e s s i o n which t he H u n t i n g T e c h n i c a l S e r v i c e L i m i t e d 
gave i n the r e p o r t i s t h a t a l l development f a c t o r s w i l l be (+) 
conducive t o success (as shown i n Table No. 8-2.3.1 column 1 ) . 
But a f t e r e l a b o r a t i n g and d i s p l a y i n g t h e planned d e s i g n and the 
expected i m p l e m e n t a t i o n t h r o u g h a c r i t i c a l p a t h a n a l y s i s some 
doubts a r i s e and we r e c o n s i d e r those symbols and a l t e r some o f 
them (as shown i n the same t a b l e , column 2 ) . J u s t i f i c a t i o n s and 
reasons f o r e i t h e r a l t e r n a t i v e s or no change are g i v e n below 
f o r each development f a c t o r . 
C o n s t r u c t i o n Phase 
(59) 
- P r o j e c t l o c a t i o n v J •» the p r o j e c t l o c a t i o n a t Kamil-
A l w a f i as a c e n t r e f o r the h o p e f u l development i s l o g i c a l because 
the area i s l o c a t e d a t a p o i n t where two wadis converge. There 
i s t h e o r e t i c a l evidence t o suggest t h a t p l e n t i f u l underground w a t e r 
s u p p l i e s e x i s t a t reasonable d e p t h . The two v i l l a g e s themselves 
would p r o v i d e a source o f t r a d i t i o n a l f a r m i n g e x p e r t i s e and a 
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Table No. 8-2.3.1 S u i t a b i l i t y o f I n d i v i d u a l f a c t o r s i n f l u e n c i n g 
the P r o j e c t development 
C o n s t r u c t i o n Phase (1) (2) 
P r o j e c t l o c a t i o n + + / ? 
C a p i t a l + + / ? 
Management + 
Experts + + 
T e c h n i c i a n s + + /-
Labourers + + 
Topography + + / ? 
W e l l d r i l l i n g + + 
S e r v i c e E x t e n s i o n Centre + + 
Farms C o n s t r u c t i o n + + / ? 
Farming O p e r a t i o n , P r o d u c t i o n and 
M a r k e t i n g 
Investments + + / ? 
C l i m a t e + + / ? 
S o i l - q u a l i t y + + 
= q u a n t i t y + + / ? 
- l e v e l l i n g + + / ? 
I r r i g a t i o n w a t e r - q u a l i t y + + 
" q u a n t i t y + + /-
Management + ? 
S e t t l e r s + ? / -
S k i l l e d workers + + /-
A g r o - t e c h n i c i a n s + + /-
Grouped tube w e l l s + + /-
Modern I r r i g a t i o n l a y o u t + ? 
E f f i c i e n t w a t e r i n g p r a c t i c e s + ? 
S e r v i c e E x t e n s i o n Centre + 
F u l l E x t e n s i o n s u p p o r t + 
I n p u t s + +/? 
T r a n s p o r t + + 
Market s i t u a t i o n + +/-
Commercial v i a b i l i t y + 7 
Return + 7 
Family income + 7 
Land Tenure + + /-
Fr e":ec': conr?".en.ts ir? i n t e n a n c e + 7 
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new road l i n k s Muscat ° I b r a ° Kamil w i t h t h e p o r t o f Sur which 
i s o n l y 60 km. from K a m i l , t h i s i t e m i s g i v e n ( + ) or ( ? ) . 
C a p i t a l = a l l t he p r o j e c t c o s t s would be met by Government 
revenue, most o f w h i c h comes from o i l e x p o r t . As t h e Oman 
government i s v e r y anxious t o encourage and s u p p o r t t h e c r e a t i n g 
o f p r o s p e r i t y i n the i n t e r i o r then t h e o r e t i c a l l y no f i n a n c i a l 
problems e i t h e r f o r supply o f c a p i t a l or inv e s t m e n t are expected 
t o a r i s e . 
However, b o t h a t t h e time o f the st u d y and i n the f o l l o w i n g 
p e r i o d t h e r e was severe c o m p e t i t i o n w i t h o t h e r p r o j e c t s and o t h e r 
s e c t o r s f o r government e x p e n d i t u r e . I t i s c l e a r t h a t i n Oman's 
Second Development p l a n , 1980°85 t h a t as w e l l as c o n t i n u e d 
e x p e n d i t u r e on o i l e x p l o r a t i o n and e x p l o i t a t i o n ( a t a r a t e o f 
over $1 m i l l i o n a d a y ) , i n d u s t r i e s such as copper and cement, 
p h y s i c a l i n f r a s t r u c t u r e and o t h e r a g r i c u l t u r a l p r o j e c t s , defence 
and s e c u r i t y make l a r g e demands on revenue; Oman i s s t i l l a 
n e t borrower o f c a p i t a l . Consequently, t h i s f a c t o r i s g i v e n (+) 
and ( ? ) . 
Management - t h i s would be r e s p o n s i b l e f o r o r g a n i z i n g 
and s u p e r v i s i n g a l l t h e d i f f e r e n t r e s o u r c e e x p l o i t a t i o n and 
c o n s t r u c t i o n p r o c e s s e s , t o g e t h e r w i t h l a n d p r e p a r a t i o n , a l l o c a t i o n 
and s u p e r v i s i o n o f the p r o d u c t i o n phase. 
A d d i t i o n a l l y , management w i l l have t o d e a l w i t h the 
i n e v i t a b l e a d j u s t m e n t s which would have t o be made d u r i n g the 
e x p l o i t a t i o n o f t h e n a t u r a l r e s o u r c e s . We have t o assume t h a t 
e x p a t r i a t e a s s i s t a n c e would have t o r e i n f o r c e t he s m a l l team o f 
t r a i n e d Omani management. Thus i t i s n o t easy t o award the 
management (+) symbol b u t r a t h e r (?) a t l e a s t i n o r d e r t h a t 
d i f f i c u l t i e s are not u n d e r e s t i m a t e d . 
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Experts ~ a range o f e x p e r t s w i t h d i f f e r e n t q u a l i f i c a t i o n s 
would be r e q u i r e d t o s u p e r v i s e the i m p l e m e n t a t i o n o f t h e p l a n 
which would a l s o be c a r r i e d out by d i f f e r e n t c o n t r a c t o r s . Since 
Oman has not the r e q u i r e d number of e x p e r t s , t h e y w i l l be m a i n l y 
f o r e i g n e r s . As long as o n l y t h e e n g i n e e r i n g c o n s t r u c t i o n m a t t e r s 
are concerned, t h i s f a c t o r i s most l i k e l y t o be as s a t i s f a c t o r i l y 
met as i n any e x p a t r i a t e employing c o u n t r y , t h e r e f o r e ( + ) . 
T e c h n i c i a n s - many d i f f e r e n t e x p e r i e n c e d and s k i l l e d 
t e c h n i c i a n s would a l s o be r e q u i r e d t o c o n s t r u c t and r u n t h i s 
p r o j e c t . I t i s u n l i k e l y t h a t Oman can sup p l y those t e c h n i c i a n s 
and thus t h e y w i l l have t o be i m p o r t e d . To what e x t e n t t h e 
Oman government w i l l succeed i n f i n d i n g and i m p o r t i n g those 
d i f f e r e n t s p e c i f i c t e c h n i c i a n s i n the r i g h t time i s n o t c e r t a i n 
and thus t h i s f a c t o r w i l l be ( + ) o r (»). 
Labourers - a l t h o u g h almost a l l t h e c o n s t r u c t i o n o p e r a t i o n s 
w i l l be done m e c h a n i c a l l y , the l a b o u r e r s ' r o l e cannot be i g n o r e d 
and w i l l be c o n f i n e d t o manual work. No s e r i o u s problems are 
expected t o a r i s e i n terms o f t o t a l a v a i l a b i l i t y , thus t h i s f a c t o r 
i s g i v e n ( + ) . 
Topography - t h i s i s a f l a t area and thus no problems would 
a r i s e f o r the use o f f u r r o w i r r i g a t i o n methods. Since t h e 
proposed p r o j e c t i n v o l v e s d i s t a n c e - s e p a r a t e d c l u s t e r s o f s m a l l farms 
t h e r e are i n c r e a s e d c o m p l e x i t i e s and co s t s o f c o n s t r u c t i n g 
many r e l a t i v e l y s m a l l g r a v i t y i n s t a l l a t i o n schemes and o f 
l e v e l l i n g and m a i n t a i n i n g many separate l a n d u n i t s i n s u i t a b l e 
c o n d i t i o n , e s p e c i a l l y i f the farms c o n t a i n e d i n one c l u s t e r , 
o r f a r from each o t h e r as they mi g h t be i n some cases. Thus 
t h i s f a c t o r i s g i v e n (+) or ( ? ) . 
W e l l d r i l l i n g - one can p r e d i c t no problems f o r w e l l 
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d r i l l i n g s i n c e t h e r e are s e v e r a l d r i l l i n g companies i n Oman, 
thus t h i s f a c t o r i s g i v e n ( + ) , b u t the supply a v a i l a b i l i t y would 
depend on the phasing o f o p e r a t i o n . There remains o f course 
the q u e s t i o n o f f i n d i n g water i n t h e r e q u i r e d q u a n t i t i e s . 
S e r v i c e e x t e n s i o n c e n t r e ° t h e enormous amount o f b u i l d i n g 
c o n s t r u c t i o n i n t h e l a s t years a t t r a c t e d s e v e r a l c o n t r a c t o r s 
able t o p e r f o r m such c o n s t r u c t i o n j o b s . The s e r v i c e e x t e n s i o n 
c e n t r e i s n o t a complex b u i l d i n g t o c o n s t r u c t and thus t h e r e 
w i l l be no problems, and w i l l be g i v e n ( + ) . 
Farm c o n s t r u c t i o n - u n l e s s these are developed by a 
c o n t r a c t o r e x p e r i e n c e d i n e s t a b l i s h i n g such farms i n an a r i d 
r e g i o n , and p r e p a r e d w i t h good and a c c e p t a b l e designs the r i g h t 
machinery, equipment, human s k i l l s e t c . t h i s f a c t o r remains 
i n doubt and thus w i l l be g i v e n (+) or (?)» 
Farming o p e r a t i o n s , P r o d u c t i o n and M a r k e t i n g 
I n v e s t m e n t - ( s e e c a p i t a l p. 355 ) 
C l i m a t e ° the seasonal t e m p e r a t u r e v a r i a t i o n i s between 
20°C and 35°C i n the i n t e r i o r , r e l a t i v e h u m i d i t y v a r i e s from 
45% t o 70% and mean r a i n f a l l i s 47 mm per annum. Wind blows 
from the A r a b i a n G u l f and t h e Rub a l K h a l i d e s e r t and t h e l o c a l 
sand dunes. No severe problems are expected t o be caused by 
t h e c l i m a t e f o r t h e recommended c r o p p i n g p a t t e r n which i n c l u d e s 
d a t e s , l i m e , a l f a l f a , wheat, o n i o n s , tomatoes, egg p l a n t s and 
ground n u t s , a l l b e i n g s u i t a b l e f o r the c l i m a t e . 
However, t h e r e are s t r o n g seasonal c o n t r o l s on s u i t a b l e 
p e r i o d s f o r sowing, and the growth o f v e g e t a b l e c r o p s , p a r t i c u l a r l y 
i n the summer. The e f f e c t s o f c l i m a t e on s o i l , e.g. i n poor 
h u m i f i c a t i o n , and on t o p o g r a p h i c a l d e t a i l e.g. t h r o u g h wind 
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blow and o c c a s i o n a l stormwater e r o s i o n r a i s e some q u e s t i o n s . Thus 
t h i s f a c t o r i s g i v e n (+) or ( ? ) . 
S o i l q u a l i t y = s o i l t e x t u r e and s t r u c t u r e are s u i t a b l e 
f o r t h e recommended c r o p p i n g p a t t e r n . No problems o f s a l i n i t y , 
c o n t r a r y t o the Tauorga p r o j e c t , are expected t o a r i s e g i v e n 
good water management. Thus t h i s f a c t o r i s g i v e n ( + ) . 
S o i l q u a n t i t y ° t h e s o i l s are deep and w h i l s t t h e r e i s some 
degree o f s a l i n i t y , w i t h good i r r i g a t i o n management of such 
c o a r s e - t e x t u r e d s o i l s , s a l i n i t y c o n t r o l under i r r i g a t i o n s h o u l d 
p r e s e n t no problems. However, the s c a t t e r e d d i s t r i b u t i o n o f 
c o n c e n t r a t i o n s o f r e l a t i v e l y good s o i l s n e c e s s i t a t e s t he d i s p e r s e d 
arrangement o f farms, and t h e d i s t a n c e between them w i l l i n c r e a s e 
the f i n a l c o s t and i n c r e a s e o r g a n i s a t i o n a l problems. Thus t h i s 
f a c t o r i s g i v e n (+) or ( ? ) . 
L e v e l l i n g - v e r y a c c u r a t e l e v e l l i n g i s r e q u i r e d i n t h i s 
p r o j e c t f o r the proposed f u r r o w i r r i g a t i o n method. Whether t h e 
Omani or the i m p o r t e d s k i l l s can acco m p l i s h and m a i n t a i n good 
e f f e c t i v e l e v e l l i n g i s n o t c e r t a i n . Thus t h i s f a c t o r i s g i v e n 
O) or ( ? ) . 
Water q u a l i t y ° the water q u a l i t y i s s u i t a b l e f o r t h e 
c u l t i v a t i o n o f t h e recommended c r o p s . I t i s c l a s s i f i e d 
under C3S1*; as n o t h i n g can be done t o improve t h i s q u a l i t y 
and as the adverse e f f e c t on p r o d u c t i o n o f s u i t a b l e crops under 
re a s o n a b l e management i s n o t so s i g n i f i c a n t , t h i s f a c t o r i s 
g i v e n ( + ) . 
Water q u a n t i t y - (see pp.337-339 and p . 353 ) • Thus 
t h i s f a c t o r i s g i v e n (+) or ( - ) . 
High s a l i n i t y , low sodium water r e q u i r e s adequate d r a i n a g e , 
s a l i n i t y c o n t r o l and s a l t , t o l e r a n t p l a n t s . 
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Management «• p a s t e x p e r i e n c e o f l a r g e s c a l e f a r m i n g * i n 
Oman has h i g h l i g h t e d a number o f t e c h n i c a l and m a n a g e r i a l problems. 
I n t h i s p r o j e c t i n v o l v i n g s c a t t e r e d c l u s t e r s of s m a l l s i z e farms 
the management's j o b w i l l be more d i f f i c u l t . A d d i t i o n a l l y t h e 
care and accuracy r e q u i r e d i n t h i s p r o j e c t are demanding enough 
f o r t h i s f a c t o r t o be g i v e n ( ? ) . 
S e t t l e r s - (see pp. 339 - 340 ) • Thus t h i s f a c t o r i s 
g i v e n (?) or ( = ) . 
S k i l l e d workers - who w i l l c a r r y o u t most o f the a g r i c -
u l t u r a l o p e r a t i o n s . T e c h n i c a l problems and the l i m i t e d under-
s t a n d i n g o f te c h n i q u e s are already experienced i n f a r m i n g i n Oman^^ 
and i t w i l l n o t be s u r p r i s i n g i f they appear a g a i n i n t h i s 
p r o j e c t . However, due t o t h i s reason and the q u e s t i o n a b l e a b i l i t y 
o f many i m p o r t e d e x p e r t s t o s a t i s f a c t o r i l y a p p l y t h e i r e x p e r i e n c e 
under Omani c o n d i t i o n s and the p r o j e c t c i r c u m s t a n c e s , and the 
u n c e r t a i n p e r i o d d u r i n g which t h e f o r e i g n e r s w i l l s t a y i n t h e 
p r o j e c t , w i l l determine how s u c c e s s f u l l y a s u i t a b l e Omani 
la b o u r f o r c e can adapt. Thus t h i s f a c t o r i s g i v e n (+) or ( - ) . 
A g r o - t e c h n i c i a n s (As mentioned above under s k i l l e d w o r k e r s ) 
I r r i g a t i o n Sysem: 
Grouped tube w e l l s ; t h i s f a c t o r depends on the q u a n t i t y o f 
water founded i n the bore holes (see p . 337 ) and t h i s cannot 
be known s u r e l y b e f o r e a c t u a l d r i l l i n g . Thus t h i s f a c t o r i s 
g i v e n (+) or ( - ) . 
Modern I r r i g a t i o n l a y out (see pp.337-338 ) and thus t h i s 
f a c t o r i s g i v e n ( ? ) . 
E f f i c i e n t w a t e r i n g p r a c t i c e s (see pp.338-340) and t h u s t h i s 
f a c t o r i s g i v e n ( ? ) . 
* Examples ?.re t h e l a r g e s c a l e p r o j e c t s f i r s t e s t a b l i s h e d i n Sohar 
-v f o o t v; \c>inc :y c o r p o r a t i o n (USA) and a l s o those i n Dhofar 
p r o v i n c e around S a l a l a h . 
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S e r v i c e e x t e n s i o n Centre - t h e c o n s t r u c t i o n and r u n n i n g 
c o s t i s h i g h and i t i s d o u b t f u l i f the r e t u r n from c l u s t e r s o f 
s m a l l farms c o u l d cover the p r o d u c t i o n and maintenance c o s t s . 
Thus t h i s f a c t o r i s g i v e n ( - ) • 
F u l l e x t e n s i o n s u p p o r t = i t i s an encouraging step t o 
recommend f i r m l y t he e s t a b l i s h m e n t o f t h i s . However, Omani 
ex p e r i e n c e w i t h e x t e n s i o n s e r v i c e s has not been v e r y e n c o u r a g i n g ^ ^ 
Thus t h i s f a c t o r i s g i v e n ( - ) . 
I n p u t s - t h e s e , w h i c h i n c l u d e s u p p l y i n g t h e new farmers 
w i t h seeds, f e r t i l i z e r s , chemicals e t c . would have t o be p a r t 
o f c a r e f u l l y designed and implemented programmes o f s u p p o r t 
which are e f f e c t i v e l y h e l p f u l b u t do not d e s t r o y i n i t i a t i v e 
t h r o u g h too much s u b s i d y ; a c h i e v i n g a c o r r e c t balance i s not 
easy and thus t h i s f a c t o r i s g i v e n ( + ) or ( - ) . 
T r a n s p o r t - t h e p r o j e c t l o c a t i o n i s connected w i t h 
A l Kamil and A l W a f i . A d d i t i o n a l l y a road i s under c o n s t r u c t i o n 
which w i l l connect the p r o j e c t w i t h the c o a s t a l town o f Sur. 
Thus no access problems are expected i n t h i s case and c o n s e q u e n t l y 
t h i s f a c t o r i s g i v e n (+) : F r e i g h t c o s t s c o u l d , however, be 
r e l a t i v e l y h i g h u n t i l a r e g u l a r volume o f f r e i g h t t r a f f i c can be 
b u i l t up. 
Market s i t u a t i o n ; t h e o r e t i c a l l y t h e r e i s a l a r g e and 
expanding market i n the c a p i t a l r e g i o n . However, m a r k e t i n g 
mechanisms, b o t h p r i v a t e and p u b l i c , are not as h i g h l y developed 
i n t h i s r e g i o n o f Oman as f u r t h e r n o r t h . Nowhere are t h e y 
v e r y w e l l developed t o move l o c a l l y produced a g r i c u l t u r a l 
commodities t o the main market. The c o m p e t i t i o n from 
i m p o r t e d commodities i s as h i g h l y p r i c e c o m p e t i t i v e as i n t h e 
o t h e r s i t u a t i o n s we have c o n s i d e r e d . Thus (+) or ( - ) . 
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Commercial v i a b i l i t y - t h e commercial v i a b i l i t y o f t h e 
new s m a l l farms w i l l be e n t i r e l y dependent on the a b i l i t y o f 
farmers t o respond t o the e x t e n s i o n and management s e r v i c e s 
p r o m o t i o n o f i n t e n s i v e h i g h v a l u e crop p r o d u c t i o n , as w e l l as 
on m a r k e t a b i l i t y o The recommendations o f t h e Report perhaps 
u n d e r e s t i m a t e the d i f f i c u l t y o f p r o d u c i n g such a response 
q u i c k l y so t h i s f a c t o r i s g i v e n ( ? ) . 
Returns = the r e t u r n s t o farmers are governed by t h e 
l a s t two f a c t o r s ^ p r o j e c t c o s t s which t h e y have t o meet; these 
l a s t cannot be known w i t h o u t a c l e a r statement o f what t h e 
government i s p r e p a r e d t o do. They w i l l a l s o be judged by 
p o t e n t i a l f a r m i n g income a g a i n s t p o s s i b l e e a r n i n g s o u t s i d e 
a g r i c u l t u r e and i f t h e y appear too low i n terms o f d i s p o s a b l e 
household income t h e n p o t e n t i a l l y good farmers may n o t be 
a t t r a c t e d ; so t h i s f a c t o r i s g i v e n ( ? ) . 
Family income ° because of t h e doubts c o n c e r n i n g t h e 
l a s t t h r e e f a c t o r s and t h e a v a i l a b i l i t y o f o t h e r income e a r n i n g 
o p p o r t u n i t i e s i n Oman, t h e s t a b i l i t y o f the assumed new f a r m i n g 
households cannot be assumed, t h e r e f o r e t h i s f a c t o r i s g i v e n ( ? ) . 
Land Tenure - as long as t h e owner can bequeath h i s 
l a n d t o h i s f a m i l y a c c o r d i n g t o t r a d i t i o n a l law t h e n t h e r e w i l l 
be problems o f e x c e s s i v e l a n d f r a g m e n t a t i o n on d e a t h . Thus 
t h i s f a c t o r i s g i v e n ( = ) • Assuming government c o n t r o l t h e n 
perhaps ( + ) . 
P r o j e c t maintenance - maintenance o f t h i s p r o j e c t 
r e q u i r e s the c o o p e r a t i o n o f a l l o p e r a t o r s i n the p r o j e c t , f o r 
example t h e maintenance o f the i r r i g a t i o n system r e q u i r e s t h e 
s e t t l e r s ' acceptance o f d i s c i p l i n e s , e x p e r i e n c e d s k i l l f o r 
a c c u r a t e l e v e l l i n g and f o r r e p a i r i n g o f t h e water c o u r s e s , e t c . 
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But as one r e c o g n i s e s t he demand shown i n t h e c r i t i c a l p a t h 
a n a l y s i s (Fig.8-2J..l)one r e a l i z e s t h a t t h i s f a c t o r i s l i k e l y t o 
be g i v e n ( ? ) . 
A r e v i e w o f the f a c t o r s u i t a b i l i t i e s , even i n t h i s 
summary f o r m , c l e a r l y r a i s e s q u e s t i o n s which can be fed-back 
i n t o t h e d e s i g n s t a g e , i n a d d i t i o n t o t h e p o i n t s a l s o r a i s e d 
i n t h e Report. 
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I I Interdependence o f i n p u t f a c t o r s 
The a n a l y s i s o f the s u i t a b i l i t y o f i n p u t f a c t o r s does 
n o t g i v e t h e e n t i r e p i c t u r e of p r o s p e c t s f o r the p r o j e c t i f 
t hey are o n l y t o be t r e a t e d as i s o l a t e s . For t h i s i n t e r -
dependence, t h e t y pe o f dominant l i n k a g e s , t h e i r c o n t r i b u t i o n 
towards a g r i c u l t u r a l development and t h e i r r e s u l t i n g impact 
as a development group have t o be examined. 
C o n s t r u c t i o n phase, F i g , No. 8-2.3.1 
1. S o i l Surveying : the i d e n t i f i c a t i o n of c u l t i v a b l e s o i l 
w i l l d e t ermine t h e l o c a t i o n s of bore h o l e s , i . e . where (2) w e l l 
d r i l l i n g w i l l t a k e p l a c e , r e g a r d l e s s o f t h e o t h e r aspects w h i c h 
i n f l u e n c e the d r i l l i n g . Consequently t h e d r i l l i n g programme 
becomes l e s s f l e x i b l e (but see 2 b e l o w ) . 
2. W e l l d r i l l i n g : as i t cannot be c o n f i r m e d t h a t the 
planned q u a n t i t y of water w i l l be o b t a i n e d from any g i v e n bore 
h o l e , t h e n t h e need w i l l a r i s e l o r an e x t e n s i v e d r i l l i n g 
programme, th e r e s u l t s o f which w i l l not always be p o s i t i v e . 
T h i s w i l l n e g a t i v e l y i n f l u e n c e (4) c a p i t a l , the budget a l l o c a t e d 
f o r d r i l l i n g . On the o t h e r hand (11) farm c o n s t r u c t i o n cannot 
be s t a r t e d , b u t has t o be postponed u n t i l t he bore holes are 
c o m p l e t e l y t e s t e d and ready. E q u a l l y , o n l y i f water i s found 
t o be a v a i l a b l e i n t h e l o c a l i t y can any area w i t h (1) s o i l 
r e s o u r c e s be u s a b l e . 
3. P r o j e c t l o c a t i o n : t h e f a c t t h a t the p r o j e c t i t s e l f 
i s n e c e s s a r i l y composed of s c a t t e r e d c l u s t e r ~ f a r m s makes 
(2) w e l l d r i l l i n g and (11) farm c o n s t r u c t i o n performance more 
c o s t l y and d i f f i c u l t and leaves no room f o r (5) management t o 
c o n c e n t r a t e e f f o r t s on one main s i t e a t t h e same t i m e . 
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4. C a p i t a l : i t i s n o t c e r t a i n t h a t t h e r e w i l l be no 
problems o f f i n a n c e (see p. 355 ) a r i s i n g d u r i n g the c o n s t r u c t i o n 
works e.g. (2) w e l l d r i l l i n g , (10) s e r v i c e e x t e n s i o n c e n t r e and 
(11) farm b u i l d i n g . I n p a r t i c u l a r any f a c t o r which mi g h t l e a d 
t o e s c a l a t i n g c o s t m i g h t produce a cut°back by government 
(see p.3 55). 
5. Management : i t i s doubted whether the management w i l l be 
able t o s u p e r v i s e and c o n t r o l every s i n g l e o p e r a t i o n , many o f 
which w i l l have t o be executed by the u n c o n f i r m e d e x p e r i e n c e 
of (7) t e c h n i c i a n s . D i f f i c u l t i e s and problems f o r the manage-
ment are expected t o a r i s e d u r i n g the performance of (2) w e l l 
d r i l l i n g and (11) farm c o n s t r u c t i o n . No problems are expected 
t o a r i s e from (6) e x p e r t s , as long as t h e r e i s always c o n t a c t 
and o p i n i o n s exchanged w i t h t h e management, aga i n no problems 
f o r t h e management w i l l be caused by (8) l a b o u r e r s because 
t h e i r r o l e w i l l be c o n f i n e d t o t h i s stage anyway. 
6„ Experts : u n l e s s t h e r e are u n f o r s e e a b l e d i f f i c u l t i e s , 
no problems are expected t o be caused by t h e e x p e r t s d u r i n g 
performance of (1) s o i l s u r v e y i n g , (2) w e l l d r i l l i n g , (10) 
s e r v i c e e x t e n s i o n c e n t r e and (11) farm c o n s t r u c t i o n . 
7. T e c h n i c i a n s : no problems are expected t o take p l a c e 
d u r i n g t h e performance (2) w e l l d r i l l i n g because t h e r e are 
enough t e c h n i c i a n s e x p e r i e n c e d i n d r i l l i n g i n Oman, th e same 
r e f e r s t o (10) the c o n s t r u c t i o n o f t h e s e r v i c e e x t e n s i o n c e n t r e , 
i . e . t h e r e are enough t e c h n i c i a n s t o do t h i s b u i l d i n g . 
8. Labourers : g e n e r a l l y t h e l a b o u r e r s ' r o l e i n t h i s 
c o n s t r u c t i o n phase w i l l be as s i m p l e works such as l o a d i n g , 
u n l o a d i n g t r u c k s e t c . and thus t h e labourers' i n f l u e n c e on 
(2) w e l l d r i l l i n g , (10) s e r v i c e e x t e n s i o n c e n t r e and (11) 
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t h e farms c o n s t r u c t i o n w i l l n o t be n e g a t i v e . 
9,, Topography : (see p. 356 ) . The topography w i l l n o t 
r a i s e problems t o (1) s o i l s u r v e y i n g (2) w e l l d r i l l i n g and 
(11) farms c o n s t r u c t i o n , 
10. S e r v i c e e x t e n s i o n c e n t r e : no problems are expected t o 
a r i s e , but t h e e x p e n d i t u r e which w i l l be r e q u i r e d t o c o n s t r u c t 
t h i s c e n t r e i s v e r y h i g h and may be t o o much f o r t h i s p r o j e c t 
t o j u s t i f y (see pp.343-344) and thus a l a r g e amount of the budget 
w i l l be consumed by t h i s c e n t r e , and p o s s i b l y t h i s may l e a d 
t o t he d e t r i m e n t of o t h e r development f a c t o r s . 
11. Farm c o n s t r u c t i o n : u n l e s s problems are caused by 
u n f o r e s e e a b l e f i n a n c i a l d i f f i c u l t i e s t h e r e w i l l be no problems. 
Farm O p e r a t i n g , P r o d u c t i o n and M a r k e t i n g phase - F i g . No* 8„2.3.2 
1. Investments and c a p i t a l : assuming t h a t no problems are 
expected t o a r i s e a g a i n s t a p p l i c a t i o n of c a p i t a l and i n v e s t m e n t s 
f o r s u p p l y i n g the necessary elements of p r o d u c t i o n (18) i n p u t s , 
and (19) t r a n s p o r t i n g f a c i l i t i e s , i n v e s t i n g i n (13) grouped 
tube wells, (14) modern i r r i g a t i o n l a y o u t , p a y i n g wages f o r 
(8) management s t a f f , (9) e x p e r t s , (10) s e t t l e r s , (11) s k i l l e d 
w o r k e r s , (12) and a g r o = t e c h n i c i a n s ; l a s t l y i n s u p p l y i n g the 
necessary equipment t o keep the whole p r o j e c t r u n n i n g smoothly 
t h e n (24) p r o j e c t components maintenance may be o b t a i n e d . 
H o p e f u l l y , no f i n a n c e problems w i l l a r i s e (see p. 355 ) and 
t h e a p p l i c a t i o n o f c a p i t a l and i n v e s t m e n t w i l l g r a d u a l l y 
improve (3) s o i l q u a l i t y , o b t a i n more (7) i r r i g a t i o n water i n 
q u a n t i t y and c o n s e q u e n t l y and h o p e f u l l y e s t a b l i s h the t e c h n i c a l 
v i a b i l i t y o f t h e p r o d u c t s and e v e n t u a l l y a r e a l i s t i c (22) 
f a m i l y income i f m a r k e t i n g i s s u c c e s s f u l . 
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2. C l i m a t e : no c l i m a t i c a l problems w i l l a r i s e i£ the 
recommended c r o p p i n g p a t t e r n i s concerned, b u t t h e r e may be 
a danger of wind e r o s i o n when t h e s u r f a c e i s loose and d r y . 
This w i l l p o s s i b l y form a n e g a t i v e dominant l i n k a g e w i t h 
(5) s o i l l e v e l l i n g and c o n s e q u e n t l y (3) s o i l q u a l i t y . I f no 
measures are t a k e n , t h i s problem may extend t o (24) p r o j e c t 
components maintenance such as r e f i l l i n g o f the i r r i g a t i o n 
courses and thus harming (14) modern i r r i g a t i o n l a y o u t and 
(15) e f f i c i e n t water p r a c t i c e s . 
3. S o i l q u a l i t y and 4. q u a n t i t y : the sandy s u r f a c e s o i l 
i s easy t o work f o r t i l l a g e and (5) s o i l l e v e l l i n g , b u t the 
q u e s t i o n may a r i s e o f (1) amount o f money t o be i n v e s t e d f o r 
r e c l a m a t i o n works. Both s o i l q u a n t i t y and q u a l i t y s u i t (14) 
modern i r r i g a t i o n , b u t i t i s doubted i f (15) e f f i c i e n t w a t e r 
p r a c t i c e s w i l l be o b t a i n e d as f a r as t h e s o i l q u a l i t y i s 
concerned m a i n l y because o f t h e s e t t l e r s c a p a b i l i t y . 
The n a t u r e o f the s o i l q u a l i t y and q u a n t i t y a s s o c i a t e d 
w i t h t h e d r y h o t c l i m a t e (see pp.357-358 ) may n e g a t i v e l y i n f l u e n c e 
(7) i r r i g a t i o n water q u a n t i t y , and i f t h i s w i l l be a s s o c i a t e d 
w i t h improper use o f water t h e n (6) i r r i g a t i o n water q u a l i t y 
w i l l be d e t e r i o r a t e d by e.g. c o n t a m i n a t i o n . Furthermore, t h e 
s o i l q u a l i t y may r e s t r i c t t h e a p p l i c a t i o n o f some (18) o t h e r 
i n p u t s . 
5. S o i l l e v e l l i n g : i n a c c u r a t e s o i l l e v e l l i n g by (11) 
s k i l l e d workers w i l l l e a d t o uneven d i s t r i b u t i o n of i r r i g a t i o n 
w a t e r , t h i s w i l l d i s t u r b ( 7 ) , t h e water q u a n t i t y and leave no 
room f o r (15) e f f i c i e n t w a t e r i n g p r a c t i c e s . F u r t h e r m o r e , t h e 
q u e s t i o n o f (1) i n v e s t m e n t and c a p i t a l w i l l a r i s e as l e v e l l i n g 
may be necessary t o be c a r r i e d t h r e e t i m e s a y e a r . 
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6. I r r i g a t i o n water q u a l i t y and 7. q u a n t i t y : perhaps t h e 
water q u a l i t y w i l l make the u t i l i z a t i o n o f (14) modern i r r i g a t i o n 
l a y o u t d i f f i c u l t , , The m u l t i p l e e x t r a c t i o n p o i n t s o f i r r i g a t i o n 
w ater w i l l n e g a t i v e l y i n f l u e n c e (1) in v e s t m e n t and c a p i t a l . I f 
the i r r i g a t i o n water q u a n t i t y i s not c a r e f u l l y a p p l i e d i n each single 
f a r m , then t he i r r i g a t i o n w a t e r balance w i l l be d i s t u r b e d i n 
o t h e r farms and w i l l n e g a t i v e l y i n f l u e n c e (6) i r r i g a t i o n w a t e r 
q u a l i t y , p a r t i c u l a r l y i f the a p p l i e d water q u a n t i t y i s more than 
necessary. F u r t h e r m o r e , t h i s n e g a t i v e l y a f f e c t s (13) grouped 
tube w e l l s which have t o f e e d i r r i g a t i o n water f o r o t h e r farms 
and c o n s e q u e n t l y (15) e f f i c i e n t w a t e r i n g p r a c t i c e s w i l l be 
i m p o s s i b l e . 
8. Management : i t i s t r u e t h a t t h e management can i n f l u e n c e 
o r g a n i z i n g , managing and s u p e r v i s i n g t h e works performance such 
as (5) s o i l l e v e l l i n g , (7) i r r i g a t i o n w a t e r = q u a n t i t y , (18) 
i n p u t s e t c . But f i r s t i t cannot show and watch every s i n g l e 
o p e r a t i o n c a r r i e d out by (11) s k i l l e d workers such as (5) s o i l 
l e v e l l i n g , p l o u g h i n g , s e e d i n g , f e r t i l i z i n g e t c . N e i t h e r can i t 
guarantee t h e a r r i v a l o f (18) i n p u t s i n t h e r i g h t t i m e nor can 
e a s i l y change (10) s e t t l e r s ' a t t i t u d e s . And second l y i t i s t h e 
q u e s t i o n o f socio-economic a c t i v i t i e s management of t h e p r o j e c t 
which i t i s doubted can be c a r r i e d out p r o p e r l y . 
Thus, such problems and t h e i r impact o f e.g. (19) 
t r a n s p o r t and a r r i v a l o f (18) i n p u t s a t the r i g h t t i m e are out 
o f t h e management's hands. F u r t h e r m o r e , i t i s doubted whether 
the l o c a l management knowledge w i l l be a t a reasonable s t a n d a r d 
capable o f c o n s u l t i n g and exchanging ideas w i t h (9) e x p e r t s . 
Consequently t h i s w i l l n e g a t i v e l y a f f e c t (21) the commercial 
v i a b i l i t y o f t h e p r o d u c t s and (24) p r o j e c t components maintenance. 
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9. E x p e r t s : t h e i r r o l e w i l l be as c o n s u l t a n t s and s u p p o r t e r s 
f o r the management, but i t i s doubted whether t h e i r i n f l u e n c e 
on (8) management w i l l be p r a c t i c a l l y v a l i d . 
10. S e t t l e r s : i t i s doubted whether t h e s e t t l e r s ' t r a d i t i o n a l 
p r a c t i c e s w i l l m a i n t a i n (5) t h e s o i l l e v e l l e d or p r o p e r l y a p p l y 
(18) o t h e r i n p u t s d u r i n g t h e i r d a i l y a g r i c u l t u r a l works; t h e i r 
u n f a m i l i a r i t y w i t h d i s c i p l i n e s and t i m e v a l u e i n g e n e r a l and t h e 
water a l l o c a t i o n i n p a r t i c u l a r w i l l c r e a t e problems w i t h (7) 
i r r i g a t i o n q u a n t i t y and w i l l make (15) e f f i c i e n t water p r a c t i c e s 
i m p o s s i b l e and (14) modern i r r i g a t i o n i n v a l i d a t e d . Consequently 
(21) commercial v i a b i l i t y o f t h e p r o d u c t s , (22) f a m i l y income 
and (24) p r o j e c t components maintenance are n e g a t i v e l y a f f e c t e d . 
F u r t h e r m o r e , i t i s n o t c e r t a i n whether the s e t t l e r s w i l l c u l t i v a t e 
the farms as planned or w i l l n o t adapt the i n s t a l l a t i o n a c c o r d i n g 
t o t h e i r w i s h . 
11. S k i l l e d workers : see (5) s o i l l e v e l l i n g , (8) management, 
(14) modern i r r i g a t i o n system, (18) i n p u t s , (19) t r a n s p o r t e t c . 
12. A g r o ~ t e c h n i c i a n s : t h e i r r e s p o n s i b i l i t i e s are s e v e r a l , 
v a r i e d and r e q u i r e p r e c i s e s k i l l s i . e . s u p e r v i s i n g the d a i l y 
a g r i c u l t u r a l o p e r a t i o n s c a r r i e d out a t the s i t e , and showing 
(10) s e t t l e r s the s u i t a b l e ways t o be performed i n t h e f i e l d 
such as t h e p r o p e r a p p l i c a t i o n o f (18) i n p u t s , (15) e f f i c i e n t 
w a t e r use and how t o improve (3) s o i l q u a l i t y e t c . But s i n c e 
the a g r o = t e c h n i c i a n s a b i l i t y t o cope w i t h these i s doubted 
c o n s e q u e n t l y (21) commercial v i a b i l i t y and (22) f a m i l y income, 
e t c . may be n e g a t i v e l y a f f e c t e d . 
13. Grouped tube w e l l s : Q u e stion o f (1) i n v e s t m e n t and 
c a p i t a l w i l l a r i s e because o f t h e s c a t t e r e d e x t r a c t i o n p o i n t s 
o f t h e i r r i g a t i o n w a t e r , (see a l s o (6) q u a l i t y and (7) q u a n t i t y 
of i r r i g a t i o n w a t e r ) . 
-369-
14„ Modern i r r i g a t i o n system : i s s u i t a b l e as f a r as (5) 
s o i l l e v e l l i n g i s concerned and t o some e x t e n t w i l l economize 
(7) i r r i g a t i o n water q u a n t i t y and (15) e f f i c i e n t w a t e r use 
i s p o s s i b l e but b e a r i n g i n mind (10) s e t t l e r s and (11) s k i l l e d 
w o r k e r s , i t i s expected t h a t they w i l l n e g a t i v e l y i n f l u e n c e 
t h i s modern i r r i g a t i o n system which w i l l a f f e c t o t h e r 
d e v e l o p i n g f a c t o r s , thus i t becomes d o u b t f u l whether t h e 
a p p l i c a t i o n o f t h i s system w i l l succeed. 
15. E f f i c i e n t w a t e r p r a c t i c e s : t h i s w i l l p o s i t i v e l y 
i n f l u e n c e (3) s o i l q u a l i t y , (7) i r r i g a t i o n w a t e r q u a n t i t y , 
(13) grouped tube w e l l s and (14) modern i r r i g a t i o n l a y o u t , but 
i t i s doubted whether (10) s e t t l e r s w i l l obey t h e d i s c i p l i n e s 
necessary f o r t h i s e f f i c i e n c y and c o n s e q u e n t l y (22) f a m i l y 
income may be b a d l y a f f e c t e d . 
16. S h e l t e r b e l t : t h i s w i l l m i t i g a t e t h e s e v e r i t y o f (2) 
c l i m a t e , c o n s e q u e n t l y p r o t e c t (3) s o i l q u a n t i t y and (5) 
s o i l l e v e l l i n g a g a i n s t wind e r o s i o n and w i l l keep the p r o j e c t 
components m a i n t a i n e d a g a i n s t send. 
17. S e r v i c e e x t e n s i o n c e n t r e : t h i s i s an advantage f o r 
(10) s e t t l e r s because t h e y need a d v i c e , t r a i n i n g e t c . but t h i s 
c e n t r e w i l l be a heavy l o a d f o r (1) investment and c a p i t a l t o 
c a r r y , and c o u l d e i t h e r s e v e r e l y n e g a t i v e l y i n f l u e n c e (22) 
f a m i l y income and a t l e a s t h i n d e r development, o r , on t h e 
o t h e r hand i f s e r v i c e s are s u p p l i e d t o o cheaply or f r e e f o r 
too l o n g i t w i l l be c o u n t e r - p r o d u c t i v e t o the g r o w t h o f s e l f -
s u s t a i n i n g commercial f a r m i n g . Judgement here w i l l be c r i t i c a l . 
18. Other i n p u t s : i n p u t s which i n c l u d e (see p.360) these 
are a p p l i c a b l e f o r (14) modern i r r i g a t i o n system, (15) e f f i c i e n t 
w a t e r i n g p r a c t i c e s , b u t t h e doubted a b i l i t y o f (10) s e t t l e r s 
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and (11) s k i l l e d workers f o r p r o p e r i m p l e m e n t a t i o n and t h e 
d i f f i c u l t y o f g u a r a n t e e i n g a r r i v a l o f those i n p u t s a t t h e r i g h t 
t i m e c a s t doubts on t h e i r v i a b i l i t y . 
19. T r a n s p o r t : (see p. 360 ) , as a means o f f r e i g h t i n g , l o a d i n g 
and u n l o a d i n g t h e a g r i c u l t u r a l commodities such as wheat, a l f a l f a , 
e t c . no problems a r i s e b u t when those commodities are p e r i s h a b l e , 
such as f r u i t , v e g e t a b l e s and perhaps m i l k i t i s t h e q u e s t i o n 
o f s k i l l e d c a r e f u l h a n d l i n g and d e l i v e r y i n t o market a t t h e r i g h t 
t i m e which w i l l n o t be r e a d i l y o f f e r e d by (11) s k i l l e d w orkers 
and CIO) f a m i l y income w i l l be n e g a t i v e l y i n f l u e n c e d . 
20. Market s i t u a t i o n : except f o r t h e government, i t i s out 
o f t h e hands o f any a u t h o r i t y i n the p r o j e c t t o change t h e market 
s i t u a t i o n . Thus t h e market s i t u a t i o n remains as an unknown b u t 
c r i t i c a l element a g a i n s t (21) commercial v i a b i l i t y and (22) 
f a m i l y income p a r t i c u l a r l y i f m a r k e t i n g processes are i m p r o p e r l y 
c a r r i e d out 
21. Commercial v i a b i l i t y : the a r r i v a l o f (18) i n p u t s a t t h e 
r i g h t t i m e can n o t be g u a r a n t e e d by (8) management; t e c h n i c a l 
o p e r a t i o n s c o n c e r n i n g c u l t i v a t i o n o r o t h e r m a t t e r s such as (19) 
t r a n s p o r t need not n e c e s s a r i l y be performed p r o p e r l y by (11) 
s k i l l e d w o r k e r s , t h e expected n e g a t i v e e f f e c t o f (10) s e t t l e r s 
a t t i t u d e s and t h e i r n e g a t i v e e f f e c t on (14) modern i r r i g a t i o n 
l a y o u t and (15) e f f i c i e n t w a t e r i n g p r a c t i c e s , must be borne i n 
mind. O b v i o u s l y a l l these problems and d i f f i c u l t i e s do n o t 
p r e d i c t any commercial v i a b i l i t y success f o r t h e p r o d u c t s . 
22. Family income : (see 21 - commercial v i a b i l i t y ) , b u t t h e 
problem here i s more dangerous as i t r a i s e s t h e q u e s t i o n o f 
whether the farms may cease t o be used as c o m m e r c i a l l y p r o d u c t i v e 
u n i t s and the d e t e r m i n a t i o n o f (23) l a n d t e n u r e . F u r t h e r m o r e , 
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s h o u l d the r e t u r n from the f a r m be l e s s t h a n the wages earned 
i n the urban a c t i v i t i e s t h e n s e t t l e r s may abandon t h e i r farms. 
Experience elsewhere i n Oman suggests t h a t t h i s i s a s e r i o u s 
p o s s i b i l i t y . 
23. Land t e n u r e : (10) s e t t l e r s are t o be g i v e n encouragement 
t o become owners of farms and houses, but (21) commercial 
v i a b i l i t y and (22) f a m i l y income may i n v a l i d a t e t h a t . 
24. P r o j e c t components maintenance : t h e p r o j e c t w i l l be 
p r o t e c t e d p h y s i c a l l y a g a i n s t wind by (16) s h e l t e r b e l t , b u t 
t h i s w i l l be i n v a l i d i f the s o i l g o t t o o d r y , which i s expected 
t o take p l a c e i f (6) i r r i g a t i o n water a p p l i c a t i o n i s not c o r r e c t 
due t o (10) s e t t l e r s a t t i t u d e s and (11) s k i l l e d w o r kers. 
To keep the p r o j e c t o p e r a t i n g i t s components such as 
(3 ) , (4) and (5) s o i l - q u a l i t y , q u a n t i t y and l e v e l l i n g r e s p e c t i v e l y , 
(7) water q u a n t i t y , (13) grouped tube w e l l s , (14) modern i r r i g a t i o n 
l a y o u t , (16) s h e l t e r b e l t , (17) s e r v i c e e x t e n s i o n c e n t r e , (18) 
i n p u t s such as t h e machinery p o o l e t c , w i l l r e q u i r e a budget, 
but s i n c e (21) commercial v i a b i l i t y and (22) h i g h f a m i l y income 
are dubious t h e n from where w i l l t h a t budget come? 
Summary and C o n c l u s i o n 
The government has a d e c l a r e d p o l i c y o f encouragement and 
s u p p o r t f o r t h e r u r a l areas i n d e v e l o p i n g modern a g r i c u l t u r e so 
as t o slow down o u t - m i g r a t i o n and c r e a t e a measure of p r o s p e r i t y 
i n t h e i n t e r i o r . 
The s t udy c a l l e d f o r an i n v e s t i g a t i o n i n t o the f e a s i b i l i t y 
o f commercial f a r m i n g which i s i n t e r p r e t e d as t h e development, 
under p r o f i t a b l e a g r i c u l t u r e / l i v e s t o c k e n t e r p r i s e s of 
c o n t i g u o u s areas. 
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But c o n t i g u o u s areas c o u l d n o t be found f o r the reasons 
mentioned i n ( p p . 3 3 3 - 3 3 4 ) . 
I n v e s t i g a t i o n o f p h y s i c a l r e s o u r c e s a t the proposed area 
proved t h a t c u l t i v a b l e l a n d w i t h u t i l i z a b l e water was o n l y 
a v a i l a b l e i n i s o l a t e d and r e l a t i v e l y s m a l l patches. 
A s e t t l e m e n t p r o j e c t of h i g h p r o d u c t i o n i n t e n s i v e 
c l u s t e r s of s m a l l s i z e farms based on(see pp.337-351) was recom-
mended as a means o f approaching t h e government's s p e c i f i c and 
g e n e r a l o b j e c t i v e s . 
Thus these s m a l l farms and t h e i r needs w i t h r e s p e c t 
t o t e c h n o l o g y , s k i l l e d w o r k e r s , socio-economic management, 
m a r k e t i n g e t c . w i l l have t o meet the heavy r e s p o n s i b i l i t y of 
commercial v i a b i l i t y . 
A n a l y s i s o f convergence and d i v e r g e n c e p o i n t s , t h e law 
of t he minimum and interdependence of t h e development f a c t o r s 
of t h e p r o j e c t showed t h a t the p r o j e c t w i l l be i n v a l i d a t e d 
m a i n l y by l a c k o f e x p e r i e n c e d s k i l l e d w o r k e r s , s e t t l e r s ' 
a t t i t u d e s and the l a c k o f knowledge possessed by s e t t l e r s o f 
modern c u l t i v a t i o n , l i v e s t o c k and management. 
I f a l a r g e compact area was a v a i l a b l e t h e n perhaps some 
of the c o s t s would be reduced and some o f t h e problems more 
e a s i l y overcome. However, t h e r e i s no c e r t a i n t y t h a t 
c u l t i v a t o r s c o u l d be o b t a i n e d from t h e l o c a l p o p u l a t i o n . 
These p h y s i c a l resources and o t h e r f a c t o r s o f p r o d u c t i o n 
have t o be e x r l o i t e d i n o r d e r t o meet b o t h s p e c i f i c and 
g e n e r a l o b j e c t i v e s . 
The proposed s c a t t e r e d s m a l l s i z e farms w i l l depend 
e n t i r e l y on a f u l l t i m e f a m i l y employment s i n c e l a b o u r i n p u t s 
woul«u be reduced b y s u i t a b l e m e c h a n i z a t i o n s i n c e t h e r e i s a 
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s h o r t a g e o f l a b o u r e r s anyway. But t h e new f a r m e r s would now 
have t o be t a u g h t new n o n - t r a d i t i o n a l ways o f f a r m i n g i f t h i s 
was t o be achieved. I f t h i s area i s t o be developed on the 
b a s i s o f i t s own r e g i o n a l resources t h e a t t r a c t i v e n e s s o f 
p a r t i c i p a t i o n by l o c a l people w i l l s t i l l m a i n l y be c o n t r o l l e d 
by events o u t s i d e the r e g i o n . What w i l l m a t t e r i s whether 
i n c e n t i v e s and o p p o r t u n i t i e s appear t o be g r e a t e r i n t h e 
main urban areas o f t h e c a p i t a l r e g i o n , and t h i s w i l l a f f e c t 
b o t h l a b o u r and p r i v a t e i n v e s t m e n t . 
The recommended approach, perhaps, i s s u i t a b l e f o r a 
c o u n t r y which a l r e a d y had knowledge and e x p e r i e n c e about 
t e c h n o l o g y , p r o p e r socio-economic management and f l e x i b l e 
p l a n n i n g e t c . b u t i t was n o t s u i t a b l e f o r Oman a t t h i s t i m e . 
I n t h e n e x t s e c t i o n a f u r t h e r t h r e e analogous a g r i c u l t u r e 
p r o j e c t s i n the E a s t e r n p r o v i n c e o f Saudi A r a b i a w i l l be b r i e f l y 
examined by a p p l y i n g these t h r e e e v a l u a t i o n c r i t e r i a t o see 
whether t h e y have v a l i d i t y . 
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C. Saudi A r a b i a 
8 -3 A g r i c u l t u r e Development i n t h e E a s t e r n P r o v i n c e o f 
Saudi A r a b i a 
Many of t h e d e t e r m i n a n t s o f , and i n f l u e n c e s on a g r i c u l t u r a l 
development i n the E a s t e r n p r o v i n c e are t h e same as, or s i m i l a r 
t o , these we have seen i n L i b y a , the UAE and Oman. Here we w i l l 
summarily examine t h e fundamental elements o f t h r e e a g r i c u l t u r a l 
development p r o j e c t s t o see whether t he p r i n c i p l e s o f problem 
and r e q u i r e m e n t i d e n t i f i c a t i o n which have appeared i n t h e p r e v i o u s 
s t u d i e s are a l s o p r e s e n t and a l s o t o t e s t t h e v a l i d i t y o f t h e 
p r e v i o u s approaches. A i n Haradh was a bedouin s e t t l e m e n t p r o j e c t 
designed f o r t he r e c l a m a t i o n o f 4000 ha. o f i r r i g a b l e l a n d 
from the d e s e r t . On t h e o t h e r hand a t A l Hassa and Q a t i f t h e 
p r o j e c t s i n v o l v e d t he u p - g r a d i n g o f i r r i g a t i o n a g r i c u l t u r e i n 
e x i s t i n g l a r g e oases, i n v o l v i n g r e s p e c t i v e l y some 16,000 and 
4,000 h a . ( 6 ? ) 
1. Haradh, t h e F a i s a l S e t t l e m e n t P r o j e c t 
I t l i e s some 180 km. so u t h o f Hofuf i n t h e E a s t e r n P r o v i n c e . 
Based on e a r l y s t u d i e s by ARAMCO i n 1963. 
This p r o j e c t i s a Bedouin s e t t l e m e n t p r o j e c t developed on 
v i r g i n s o i l t o s e t t l e people o f the A l Murrah t r i b e . ( 68) ^ e 
Bedouins t o be s e t t l e d were planned t o l i v e on farm u n i t s 
a v e r a g i n g 4 ha. p l o t s each, growing f o d d e r crops o f a l f a l f a , 
maize and sorghum, t o g e t h e r w i t h p o t a t o e s , v e g e t a b l e s and c e r e a l s , 
and sheep. 
One thousand farms were t o be e s t a b l i s h e d , each o f which 
would conform t o some s t a n d a r d c r o p p i n g p a t t e r n s and programmes 
* A l Murrah: i s the b i g g e s t t r i b e i n the area c o m p r i s i n g about 
90 per cent o f the i n h a b i t a n t s o f t h e area and c o n s e q u e n t l y 
a l l p o t e n t i a l s e t t l e r s may be c o n s i d e r e d as b e l o n g i n g t o t h i s 
t r i b e . 
-375-
of husbandry. 
T h i s p r o j e c t was based on : 
1. The a v a i l a b i l i t y o f water in the Umm ER Radhuma a q u i f e r 
which u n d e r l i e s t he whole area from t h e b o r d e r w i t h I r a q t o t h e 
Nor t h Southward under t he Rub A l K h a l i d e s e r t . 
(71) 
2. Adequate s o i l s i n the bed o f the wadi Sabha. J 
3. A source o f power i n t h e nearby g a s - o i l s e p a r a t o r p l a n t . 
4. An apparent need t o f i n d new economic o p p o r t u n i t e s f o r t h e 
p a s t o r a l nomads o f the r e g i o n d u r i n g a p e r i o d o f major s o c i o -
economic change a s s o c i a t e d w i t h t h e e x p l o i t a t i o n o f o i l . 
I t was proved on a 40 ha. r e s e a r c h s t a t i o n t h a t a g r i c u l t u r e 
p r o d u c t i o n i s p o s s i b l e i n t h e area and, as a r e s u l t , on June 7, 
1966 WAKUTI was g i v e n a c o n t r a c t t o e s t a b l i s h an i r r i g a t i o n and 
dr a i n a g e p r o j e c t . 
A f t e r c o m p l e t i o n of i n s t a l l a t i o n s i n 1971 the Saudi 
a u t h o r i t i e s undertook t o implement a g r i c u l t u r a l p r o d u c t i o n on t h e 
o r i g i n a l terms b u t t h i s has n o t proved p o s s i b l e . The government 
i s now a t t e m p t i n g t o develop t he area as a j o i n t commercial 
e n t e r p r i s e w i t h f o r e i g n i n v e s t m e n t . i t i s hoping t o e s t a b l i s h 
a h e r d o f 8,000 d a i r y c a t t l e and t o c o n c e n t r a t e on f o r a g e c r o p s , 
(74) 
m i l k and meat p r o d u c t i o n , ^ a complete change from t h e o r i g i n a l 
o b j e c t i v e , b u t the p r o j e c t i s n o t y e t c o m p l e t e l y o p e r a t i o n a l and 
v i r t u a l l y a l l t h e investment i n g r a v i t y d i s t r i b u t i o n system has 
been wasted. 
A n a l y s i s 
The abandoning o f the o r i g i n a l p r o j e c t may be a t t r i b u t e d 
t o s e v e r a l f a c t o r s , t h e most i m p o r t a n t o f which was u n d o u b t e d l y 
the a t t i t u d e o f the nomadic Bedouin towards s e t t l e d a g r i c u l t u r e . 
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T h e i r r e l u c t a n c e t o become committed t o t h i s p r o j e c t may be 
summarised as f o l l o w s : -
1„ A l t h o u g h 96% o f those p r e v i o u s l y q u e s t i o n e d i n d i c a t e d 
t h a t they were w i l l i n g t o become f a r m e r s , many of them d i d not 
r e a l i s e t h a t i r r i g a t e d c u l t i v a t i o n and i n t e n s i v e l i v e s t o c k 
p r o d u c t i o n demanded a permanent l a b o u r i n p u t ; they d i d not r e a l l y 
know what a g r i c u l t u r e involved„ Moreover, n e a r l y h a l f o f those 
q u e s t i o n e d were under 15 years o f age and c o u l d be expected t o 
leave t h e l a n d i n any case. 
2. The change from p a s t o r a l i s m t o permanent a g r i c u l t u r e and 
l i v e s t o c k r e a r i n g was too sudden and complete; i t might p o s s i b l y 
have succeeded i f p l a n s had been made t o t r a i n some s e t t l e r s 
s e l e c t i v e l y i n a g r a d u a l and l o n g e r term t r a n s i t i o n . 
3. There were c e r t a i n a c t i v i t i e s such as h a n d l i n g manure, 
c u t t i n g hoofs and l o o k i n g a f t e r p o u l t r y , which by t r a d i t i o n t h e y 
r e f u s e d t o t a c k l e , 
4. The planned communities were drawn from d i f f e r e n t t r i b a l 
g roups, thus b r e a k i n g the s o c i a l c o hesion o f t h e t r i b e . 
5. They were l a r g e l y i l l i t e r a t e and unable t o cope w i t h new 
t e c h n o l o g y , i n s t r u c t i o n s or r e c o r d k e e p i n g . 
Another f a c t o r r e l a t e d t o the p o t e n t i a l market f o r farm 
p r o d u c t s . The E a s t e r n p r o v i n c e was a l r e a d y p r o v i d e d f o r by t h e 
farms o f Hassa and Q a t i f and the Riyadh area by those o f Kharj 
and Qassim ° and o f course by cheap i m p o r t s . The o n l y r e m a i n i n g 
markets f o r t h e Haradh farmers were i n t h e west where the areas 
around Mecca and Jedda c o u l d n o t p r o v i d e s u f f i c i e n t f o o d s t u f f s 
f o r l o c a l consumption. This i n v o l v e d t r a n s p o r t c o s t s over a 
d i s t a n c e o f 1200-1400 km, so t h a t w i t h o u t t he h e l p o f heavy 
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Government s u p p o r t the farms c o u l d not be expected t o be 
profitable„ 
I f we now a p p l y t o t h e Haradh case t h e same e v a l u a t i o n 
c r i t e r i a t h a t we have p r e v i o u s l y used we f i n d t h a t t he same 
types o f a n a l y t i c a l r e s u l t s appear. For example, i n terms o f 
the Law of the Minimum, one e s s e n t i a l i n p u t was n o t a v a i l a b l e 
i . e . the p o t e n t i a l s e t t l e r s . By 1974 i t was a l r e a d y c l e a r t h a t 
th e A l Murrah would n o t v o l u n t a r i l y become c u l t i v a t o r s . Secondly, 
i n our use o f c r i t i c a l p a t h a n a l y s i s we r e c o g n i s e d the c r i t i c a l 
n a t u r e o f time l a p s e between the c o n c e p t i o n o f a p r o j e c t and 
i t s r e a d i n e s s f o r a p r o d u c t i o n phase. At Haradh i t i s c l e a r t h a t 
w h i l s t i n the e a r l y 1960's i t was n o t unreasonable t o assume 
t h a t p a s t o r a l i s t s c o u l d s l o w l y be educated t o become s m a l l - s c a l e 
commercial c u l t i v a t o r s , however t h e 1970's i n the E a s t e r n P r o v i n c e 
o f Saudi A r a b i a was a p e r i o d i n which so many o p p o r t u n i t i e s f o r 
w e l l p a i d u n s k i l l e d o r s e m i - s k i l l e d employment appeared o u t s i d e 
a g r i c u l t u r e t h a t t he a t t r a c t i v e n e s s o f becoming a f a r m e r s e t t l e r 
on the terms d e s c r i b e d decreased c o n s i d e r a b l e . 
Other elements o f interdependence e t c , c o u l d a l s o be 
n o t e d b u t i t i s s u f f i c i e n t t o note t h a t t h e p o i n t s made above 
c o u l d have been p a i d more a t t e n t i o n t o i n t h e d e s i g n and 
recommendation stages i f t h e i r c r i t i c a l n a t u r e had been i d e n t i f i e d 
a t an e a r l y t i m e . 
2. The A l Hassa 
The A l Hassa Oasis i s one o f t h e o l d e s t s e t t l e m e n t s i n 
the M i d d l e East, and was a l r e a d y i n h a b i t e d about 5000 years ago. 
I t covers an area o f about 20,000 ha., i t i s "L" shaped and 
extends about 16 km. west-east and about 20 km. north»south. 
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The c a p i t a l i s Hofuf which l i e s a t t h e meeting p o i n t s o f the 
two axes o f t h e L. 
I t i s necessary here t o d i s t i n g u i s h two main phases i . e . 
b e f o r e development and a f t e r development. 
Before Development : l a r g e areas of c u l t i v a b l e l a n d had been 
l o s t t o c u l t i v a t i o n by e n c r o a c h i n g sand dunes w h i c h , f o r example, 
are moving a t a speed o f 10 m per annum f o r a dune w i t h an 
f 771 
average h e i g h t o f 10 m. J A d d i t i o n a l l y , l a n d was b e i n g l o s t 
as t h e r e s u l t of w a t e r l o g g i n g and i n c r e a s i n g s o i l s a l i n i t y , 
caused m a i n l y by t h e a p p l i c a t i o n o f f r e e l y f l o w i n g w a t er by 
t r a d i t i o n a l means such as '.'sail!' i r r i g a t i o n ' i n which water i s 
a l l o w e d t o f l o w by g r a v i t y i n t o gardens and f i e l d s , i n o t h e r s 
r e q u i r i n g a shadouf t o l i f t w ater onto t h e c u l t i v a t e d areas 
" M u g h a r a f " i r r i g a t i o n . } 
By 1950 the s i z e o f t h e c u l t i v a t e d areas had shrunk from 
20,000 ha. t o 12,000 ha. and by 1965 o n l y 8,000 ha. were occupied 
f79 ") 
w i t h 4,000 ha. i m p e r f e c t l y i r r i g a t e d . J 
Development p r o j e c t : I n the 1960's the Saudi A r a b i a n Government 
formed the Hassa I r r i g a t i o n and Development A u t h o r i t y and 
embarked on a major i r r i g a t i o n and d r a i n a g e programme w i t h t he 
i n t e n t i o n o f h a l t i n g sand encroachment and r e c l a i m i n g 12,000 ha. 
of c u l t i v a b l e l a n d t o g i v e some 20,000 ha. The i r r i g a t i o n and 
d r a i n a g e scheme, designed and c a r r i e d o u t by i n t e r n a t i o n a l 
c o n s u l t a n t s , commenced i n 1963 and was completed i n 1971. 
Analys i s 
The most i m p o r t a n t problem i s concerned w i t h t h e e f f i c i e n t 
use o f w a t e r . I n A l Hassa i t was p o s s i b l e t o c o n c e n t r a t e a l l 
water e x t r a c t i o n a t a r e l a t i v e l y s m a l l number o f s p r i n g l o c a t i o n s 
and t h e r e f o r e t o b r i n g w a t er e x t r a c t i o n and d i s t r i b u t i o n under 
c e n t r a l c o n t r o l . 
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(81) The q u a l i t y o f the i r r i g a t i o n water i . e . E.C.2.38 mmhos/cm 
r e q u i r e s t h a t i t must be used i n a c a r e f u l l y m o n i t o r e d and i n t e l -
l i g e n t manner. Some o f t h e h i g h l y t e c h n i c a l c o n s u l t a n t s ' r e p o r t s 
on the best way t o proceed have p r o b a b l y been so complex and 
s o p h i s t i c a t e d as t o have l i t t l e p r a c t i c a l a p p l i c a t i o n t o t h e 
a d v i s o r y s e r v i c e s and farmers i n v o l v e d . 
A fundamental problem r e s u l t s from t h e changeover from t h e 
o r i g i n a l t r a d i t i o n a l water d i s t r i b u t i o n systemswhich have had t o 
be f o r f e i t e d and t h e peasant i n t r o d u c e d t o the modern 24 hours 
su p p l y which r e q u i r e s a c o n s t a n t s u p e r v i s i o n team. However the 
t e c h n i c a l r a t i o n a l i s a t i o n o f t h e c o n t r o l o f water q u a l i t y , 
a p p l i c a t i o n and d r a i n a g e has n o t been c o m p l e t e l y p o s s i b l e because 
o f t he s u r v i v a l o f a g r e a t v a r i e t y i n s i z e and shape and type o f 
(82) 
crops o f i n d i v i d u a l p l o t s i n any one i r r i g a t i o n s e c t o r . 
F u r t h e r i n d i s c r i m i n a t e o i l d r i l l i n g near t h e o a s i s , e f f l u e n t 
d i s c h a r g e by the growing urban p o p u l a t i o n , l e a c h i n g and p o s s i b l y 
r e c y c l i n g o f f e r t i l i z e r s are l e a d i n g t o a d e t e r i o r a t i o n i n t h e 
q u a l i t y o f t h e w a t e r . 
The t o t a l q u a n t i t y o f water t h o u g h t t o be a v a i l a b l e a t t h e 
o u t s e t o f the scheme has a l s o proved t o be inadequate f o r the 
p r o j e c t e d r e c l a m a t i o n . Leaching l o s s o f up t o 361 o f the water 
a p p l i e d may have t o be accepted t o p r e v e n t s a l t a c c u m u l a t i o n i n 
the s o i l . I n a d d i t i o n t h e r e are i n c r e a s i n g and c o n f l i c t i n g demands 
f o r water from n o n - a g r i c u l t u r a l consumers : i n d u s t r y , o i l w e l l 
i n j e c t i o n and urban p o p u l a t i o n s w i t h r i s i n g l i v i n g s t a n d a r d s . I t 
i s now u n l i k e l y t h a t t h e o r i g i n a l t a r g e t o f 20,000 ha. of 
i r r i g a t e d l a n d w i l l be a c h i e v e d . The water a t p r e s e n t a v a i l a b l e 
i s o n l y s u f f i c i e n t t o i r r i g a t e 12,000 ha. i n w i n t e r and 8,000 
(84) 
m summer. J 
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Let us now ap p l y t o t h e A l Hassa case t h e same e v a l u a t i o n 
c r i t e r i a w h i c h we have e a r l i e r used. For example, i n terms o f 
t h e interdependence o f t h e i n p u t f a c t o r s we can i d e n t i f y a 
dominant p o s i t i v e l i n k a g e o f wa t e r use, i n o t h e r words t h e 
wat e r use must be v e r y e f f i c i e n t . F i r s t l y , i n terms o f w a t e r 
q u a l i t y , r e q u i r e d s t a n d a r d s c o u l d n o t be m a i n t a i n e d g i v e n t h e v e r y 
g r e a t v a r i a b i l i t y o f wa t e r a p p l i c a t i o n e f f i c i e n c y by l a n d h o l d e r s 
and c u l t i v a t o r s who have o n l y p a r t i a l l y changed t h e i r t r a d i t i o n a l 
t e c h n i q u e s . Secondly, i n terms o f water q u a n t i t y , t h e p r o j e c t e d 
t a r g e t was n o t met, a l s o because the management i s not ab l e t o 
a l l o c a t e everywhere t he r i g h t volume o f water due t o the g r e a t 
v a r i e t y i n s i z e and shape and t y p e o f crops o f i n d i v i d u a l p l o t s 
i n any one i r r i g a t i o n s e c t o r ; t h i s has been made worse by t h e 
gr o w t h o f n o n - a g r i c u l t u r a l demands. 
I n our use o f c r i t i c a l p a t h a n a l y s i s we r e c o g n i z e d t h e 
n e c e s s i t y o f s e v e r a l i n p u t f a c t o r s t o be i n t r o d u c e d i n t o t h e 
o p e r a t i o n a t s p e c i f i c t i m e s i n o r d e r t o form necessary convergence 
p o i n t s a t s p e c i f i c t i m e s . At A l Hassa w h i l s t t h e p a t h o f 
t e c h n i c a l c o n s t r u c t i o n and i n s t a l l a t i o n o f h y p o t h e t i c a l l y 
e f f i c i e n t w a t er e x t r a c t i o n , d i s t r i b u t i o n and d r a i n a g e systems 
was completed on sch e d u l e , t h e r e was no convergence w i t h any 
p o s s i b l e r e a l i g n m e n t o f cropped areas or t r a i n i n g o f c u l t i v a t o r s 
i n e f f i c i e n t water and l a n d use. W i t h o u t such a convergence o f 
two necessary p a t h s , t h e o b j e c t i v e s c o u l d n o t be reached. 
The o t h e r elements o f e v a l u a t i o n c r i t e r i a c o u l d a l s o be 
a p p l i e d b u t i t i s s u f f i c i e n t t o no t e here t h a t t h e a n a l y t i c a l 
approaches i l l u s t r a t e d above c o u l d have been f e d i n t o the d e s i g n 
s t a g e . 
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3. Q a t i f 
The main o a s i s s t r e t c h e s f o r about 12 km along t h e G u l f 
f 8 5 1 
shore and averages 2 km i n w i d t h , ^ J Q a t i f C i t y , a c c o r d i n g t o 
t r a d i t i o n , b e i n g e s t a b l i s h e d a t i t s p r e s e n t c o a s t a l s i t e d u r i n g 
the e i g h t h c e n t u r y A„D. by people moving from t h e en c r o a c h i n g 
sand dunes which t h r e a t e n t he o a s i s from t h e west. However, 
Q a t i f C i t y m a i n t a i n e d a t h r i v i n g e x p o r t t r a d e i n dates and 
date p r o d u c t s from t h e o a s i s i n t o t h e t w e n t i e t h c e n t u r y . But t h e 
a p p l i c a t i o n o f f r e e l y f l o w i n g water o f between 2.8 and 4 mmhos/cm 
by t r a d i t i o n a l means o f i r r i g a t i o n , t o s m a l l b a s i n i r r i g a t i o n , 
u s i n g a r a p i d l y i n c r e a s i n g number o f s h a l l o w w e l l s but not u s i n g 
d r a i n a g e , r a p i d l y l e d t o a b u i l d up o f s o i l s a l i n i t y and w a t e r -
l o g g i n g and p r o d u c i n g sebkha swamps w i t h i n t h e o a s i s . By t h e 
1950's t h i s had l e d t o the abandonment of many dat e - g a r d e n s , a 
(87 •) 
f a l l i n t h e p r o d u c t i v i t y o f o t h e r s and t o widespread m a l a r i a . v 
I n 1955 ARAMCO produced f o r t h e Kingdom the f i r s t s t u d y 
o f d r a i n a g e r e q u i r e m e n t s and i n 1964 an i r r i g a t i o n p l a n f o r t h e 
o a s i s . C 8 8 ) 
The 1961 government p r o p o s a l s f o r t h e e s t a b l i s h m e n t o f an 
E x p e r i m e n t a l Farm and A g r i c u l t u r a l Centre were f o l l o w e d up by a 
s e r i e s o f c o n s u l t a n t s surveys and by 1964 a new main d r a i n a g e 
system f o r some 4000 ha. had been i n s t a l l e d . ^ 8 9 ) By 1970 the 
b a s i c p h y s i c a l i n f r a s t r u c t u r e f o r s u c c e s s f u l i r r i g a t i o n 
a g r i c u l t u r e seemed t o have been e s t a b l i s h e d , ^ ^ b u t as we s h a l l 
see the p r o p e r u t i l i s a t i o n o f t h i s i n f r a s t r u c t u r e has been more 
d i f f i c u l t . 
A n a l y s i s 
The f i r s t t e c h n i c a l n e c e s s i t y was t o e s t a b l i s h g e n e r a l 
parameters w i t h i n which a v a i l a b l e groundwater and s o i l c o u l d 
p r o p e r l y be u t i l i z e d ; - " " ' t h i s t a s k was f a r from b e i n g o b t a i n e d . 
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The s u r f a c e h o r i z o n s are v e r y permeable, but u n d e r l a i n by a 
cemented c a l c a r e o u s hardpan a t a d e p t h o f 50 t o 200 cm below 
th e s u r f a c e , thus downward d r a i n a g e i s a l l too o f t e n s e v e r e l y 
impeded and even w i t h i n s t a l l e d d r a i n a g e t h e groundwater t a b l e 
(92) 
l i e s between 20 and 60 cm below t h e s u r f a c e . v 
There i s t h e d i f f i c u l t y o f i n t r o d u c i n g a s t r u c t u r e d 
network o f d r a i n a g e system a t a l l l e v e l s from f i e l d t o o a s i s , 
w i t h o u t w h i c h p o o r l y managed l a n d a d v e r s e l y a f f e c t s t h e s o i l -
f 9 3") 
water balance everywhere. ^ J U n l i k e A l Hassa, i t has not been 
p o s s i b l e t o r e p l a c e t h e hundreds o f i n d i v i d u a l l y c o n t r o l l e d 
w e l l s by a c e n t r a l i s e d water e x t r a c t i o n system and t h e r e f o r e 
i m p o s s i b l e t o d e v i s e an i n t e g r a t e d i r r i g a t i o n d i s t r i b u t i o n 
system f o r t h e whole o a s i s , g i v e n the g r e a t number and wide 
d i s t r i b u t i o n o f ground e x t r a c t i o n p o i n t s . However, t h e above 
mentioned problems are o n l y few among s e v e r a l problems wh i c h 
r e a l l y do e x i s t . 
A g a i n , we a p p l y t o t h e Q a t i f case t h e same e v a l u a t i o n 
c r i t e r i a . For example, i n terms of i n t e r d e p e n d e n c e o f t h e 
i n p u t f a c t o r s o f i r r i g a t i o n w a t e r and management we f i n d t h e 
same type o f a n a l y t i c a l r e s u l t w h i c h appeared i n the A l Hassa 
case, b u t w i t h an a d d i t i o n a l d i f f i c u l t y , w hich d i d n o t appear 
t h e r e i . e . i r r i g a t i o n water has t o be e x t r a c t e d from m u l t i p l e 
p o i n t s which r e q u i r e complex s u p e r v i s i o n from t h e p o i n t s o f 
e x t r a c t i o n a l l t h e way t h r o u g h t o the p l o t s . Consequently, 
a dominant n e g a t i v e l i n k a g e has t o be a s c r i b e d t o t h e i n p u t o f 
water. A f u r t h e r example o f interdependence appears with d r a i n a g e . 
W h i l s t a government agency c o u l d i n s t a l b a s i c main d r a i n s i n the 
o a s i s , t h e l i n k i n g o f these w i t h t h e e x i s t i n g i r r i g a t e d p l o t s 
was and i s t e c h n i c a l l y d i f f i c u l t g i v e n t h e h i g h groundwater 
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t a b l e and c r i t i c a l l y v a r i a b l e d e t a i l s o f s o i l s and topography. 
F u r t h e r , a m o t i v a t i o n f o r u s i n g t h e new d r a i n a g e system depended 
on the a t t i t u d e t a k e n by landowners and c u l t i v a t o r s t o c u l t i v a t i o n . 
I n Q a t i f , f o r t h i r t y y e a r s , t h e growth nearby o f urban and i n d u s t r i a l 
a c t i v i t i e s ( f o r example i n Dammam, Al-Khobar, Ras Tamuna e t c . ) 
t h e o r e t i c a l l y c r e a t e d a market f o r Q a t i f o a s i s p o t e n t i a l p r o d u c t i o n . 
I n f a c t what t h i s d i d do was t o d i v e r t almost a l l energy, i n v e s t m e n t 
and i n t e r e s t away from t h e a g r i c u l t u r a l s e c t o r t o o t h e r s . Here 
one can see the n e c e s s i t y f o r examining changes over t i m e o f t h e 
v a r i o u s i nterdependence f a c t o r s . 
Other a n a l y t i c a l elements and e v a l u a t i o n o f c r i t e r i a c o u l d 
be i d e n t i f i e d , but i t i s w o r t h n o t i n g t h a t t h e n e g a t i v i t y o f these 
and o t h e r p o i n t s c o u l d have been a t l e a s t m i n i m i z e d i f t h e y had 
been i d e n t i f i e d and p a i d more a t t e n t i o n t o i n t h e e a r l i e r s t a g e s . 
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C H A P T E R N I N E 
Conclusion 
A g r i c u l t u r e development can be e i t h e r on v i r g i n l a n d , 
h o r i z o n t a l e x p a n s i o n , o r on l a n d improvement o f e x i s t i n g f arms, 
v e r t i c a l e x p a n s i o n . The former means i n c r e a s i n g , t h r o u g h l a n d 
r e c l a m a t i o n , t h e number o f h e c t a r e s under c u l t i v a t i o n , and 
i m p l i e s e s s e n t i a l l y expansion and a r e a l e x t e n s i o n ; the o n l y 
fundamental element o f t r a n s f o r m a t i o n i s t h a t t r a n s f o r m i n g 
t h e l a n d f a c t o r . On t h e o t h e r hand, the l a t t e r i m p l i e s changing 
what f a r m i n g a l r e a d y e x i s t s i n o r d e r t o o b t a i n h i g h e r p r o d -
u c t i v i t y ( v a r i o u s l y measured) and t h e r e f o r e a l s o i m p l i e s 
i n t e n s i f i c a t i o n o f p r o d u c t i o n ; here t r a n s f o r m a t i o n fundament-
a l l y means changing above a l l f a r m e r s ' a t t i t u d e s and f a r m i n g 
systems. 
I n t h i s t h e s i s we are c h i e f l y concerned w i t h v i r g i n 
l a n d development p r o j e c t s , n o t i n g t h a t some o f these i n v o l v e 
t h e expansion from p r e - e x i s t i n g u t i l i z e d areas. As we have 
seen t h r o u g h t h e a n a l y s i s o f these s i x a g r i c u l t u r a l p r o j e c t s 
each one o f them has unique c h a r a c t e r i s t i c s , b u t t h e y are a l s o 
b a s i c a l l y s i m i l a r , t h e i r common c h a r a c t e r i s t i c s b e i n g : -
A) The use o f i m p o r t e d t e c h n o l o g y and know-how t o i d e n t i f y 
and e x p l o i t p r e v i o u s l y u n d e r - u t i l i z e d r e s o u r c e s . These r e s o u r c e s 
were u n d e r - u t i l i z e d because t r a d i t i o n a l l o c a l t e c h n o l o g y was 
n o t capable o f i d e n t i f y i n g and e v a l u a t i n g them. At Haradh 
we f i n d an example o f c o m p l e t e l y new a p p r e c i a t i o n o f the 
i r r i g a t e d a g r i c u l t u r a l p o t e n t i a l o f an area p r e v i o u s l y o n l y 
used by t r i b a l groups f o r g r a z i n g . At Tauorga p r o j e c t where, 
except f o r about 51 o f t h e p r e s e n t p r o j e c t area which used t o 
be s e a s o n a l l y c u l t i v a t e d , t h e p r e - p r o j e c t l a n d use was e n t i r e l y 
p a s t o r a l . The Al-Hassa Oasis, on the o t h e r hand, was i n h a b i t e d 
a t t h e time o f Moses, btvt where a g a i n d u r i n g the 1960's, new 
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t e c h n o l o g y made i t p o s s i b l e t o c o n s i d e r an expansion o f t h e 
i r r i g a t e d area from 8,000 t o 20,000 ha. e t c . 
However, t h i s i n t u r n means t h a t w h i l e i n such v i r g i n 
l a n d p r o j e c t s t h e r e are m i n i m a l problems o f t r a n s f o r m i n g 
e x i s t i n g a g r i c u l t u r a l systems, i t a l s o means t h a t i n extreme 
cases t h e r e i s a l s o an absence o f l o c a l e x p e r i e n c e o f i r r i g a t i o n 
a g r i c u l t u r e . T h i s l a t t e r i s o b v i o u s l y n o t s t r i c t l y t r u e o f 
p r o j e c t s i n v o l v i n g t h e expansion o f e x i s t i n g c u l t i v a t i o n . 
B) The common p h y s i c a l c h a r a c t e r i s t i c s o f such u n d e r - u t i l i z e d 
r e s ources o f water and l a n d are such as t o r e q u i r e v e r y s p e c i f i c 
t e c h n o l o g i c a l demands because t h e y are u s u a l l y i n e n v i r o n m e n t a l l y 
m a r g i n a l areas. T h e i r common c h a r a c t e r i s t i c s a re summarized 
below: -
1) R e s t r i c t e d c h o i c e o f l o c a t i o n : The s p a t i a l l o c a t i o n o f 
usable b u t p r e v i o u s l y unused s o i l and wa t e r i s o f t e n c r i t i c a l , 
as e.g. a t the Kamil A l Wafi p r o j e c t i n Oman, where w e l l s have 
t o be d r i l l e d i n t h e s m a l l d i s p e r s e d areas where c u l t i v a b l e s o i l 
can be found (see pp. 346-347). Another example can be found i n 
the Tawi M i l e i h a p r o j e c t . There t h e r i s k o f f l o o d i n g was 
p r e d i c t e d d u r i n g t h e p r e - f e a s i b i l i t y s t u d y , and though t h e 
e s t a b l i s h m e n t o f f l o o d p r e v e n t i o n b a r r i e r s would i n c r e a s e t h e 
p r o j e c t e x p e n d i t u r e , t h i s l o c a t i o n was accepted because t h e r e 
was no a l t e r n a t i v e development area. 
2) C u l t i v a t i o n i n the a r i d and s e m i - a r i d areas o f t h e 
Mid d l e East depends upon t h e use o f e i t h e r d i v e r t e d r i v e r 
w ater i n the c^se o f r i p a r i a n s t a t e s such as I r a q and Egypt 
or groundwater. I n t h i s t h e s i s we l i m i t a t t e n t i o n t o p r o j e c t s 
dependent on groundwater a v a i l a b i l i t y f o r i r r i g a t i o n , b u t t h e 
q u a n t i t y and q u a l i t y o f w a t e r a v a i l a b l e i s a f u n c t i o n o f 
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h i g h l y complex geohydrology and geomorphology. Consequently, 
a t t h e p r e - f e a s i b i l i t y and f e a s i b i l i t y s t u d y s t a g e s , i t i s v e r y 
d i f f i c u l t t o a c c u r a t e l y measure t h e q u a n t i t y and q u a l i t y o f 
p o t e n t i a l w a t er s u p p l y . An example o f t h i s i s found i n A l Hassa 
Oasis where t h e average annual water f l o w a v a i l a b l e i n December 
1979 was between 60-80 m i l l i o n cu.m. l e s s t h a n t he 220 m i l l i o n 
cu.m. f l o w e s t i m a t e d i n 1963. D i f f e r e n c e s between e s t i m a t e d 
and a c t u a l w a t e r f l o w s were a l s o n o t e d a t the Tauorga p r o j e c t 
(see pp .66-64 ) . General w a t e r q u a l i t y i t s e l f i s n o t n e c e s s a r i l y 
s t a b l e w i t h t i m e . For example, c o n t a m i n a t i o n o f s u r f a c e a q u i f e r s 
by the p e r c o l a t i o n o f water used i n i r r i g a t i o n and charged 
w i t h s o l u b l e s a l t s may occur (see pp.3l6&320).Pollution can be 
caused by t h e o i l i n d u s t r i e s and urban e f f l u e n t such as i n 
the Eastern p r o v i n c e o f Saudi A r a b i a . C o n t a m i n a t i o n by t h e 
movement i n l a n d o f t h e sea w a t e r / f r e s h w a t e r i n t e r f a c e t h r o u g h 
(2) 
over-pumping on l a n d has been r e c o r d e d i n c o a s t a l T r i p o l i and 
the B a t i n a h i n Oman. 
Even the c h o i c e o f i r r i g a t i o n t e c h n o l o g y i s r e s t r i c t e d 
by w ater q u a l i t y (see pp.71-72). S a l i n e and h i g h t e m p e r a t u r e 
w a t e r produces mechanical and c o r r o s i o n problems i n overfoiwd 
s p r i n k l e r systems, b u t even where t h i s system c o u l d be a p p l i e d 
w i t h low s a l i n i t y w a t e r , h i g h c a r b o n a t e c o n t e n t w a t e r - common 
i n t h e M i d d l e East, can produce l e a f s u r f a c e damage t o p l a n t s . 
3) S o i l : S a l i n i t y , w h i c h i s a common phenomenon i n a r i d and 
s e m i - a r i d r e g i o n s (see p. 51 ) , r e q u i r e s l e a c h i n g w h i c h can be 
up t o 35| and even 501 (see p . 77 ) o f t h e t o t a l water 
a p p l i c a t i o n . There are c r i t i c a l r a t e s f o r s o i l complexes i n 
each s p e c i f i c p r o j e c t area and a l s o v a r i a t i o n s w i t h i n each 
p r o j e c t area. Secondly, t h e s o i l s have g e n e r a l l y low i n h e r e n t 
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f e r t i l i t y , low o r g a n i c and n u t r i e n t c o n t e n t , e s p e c i a l l y o f 
n i t r o g e n , p o o r l y developed t e x t u r e s and a r e l a t i v e l y h i g h c o n t e n t 
o f f r e e c a r b o n a t e and s a l t s , y e t can v a r y w i d e l y over s h o r t 
d i s t a n c e s . 
These c h a r a c t e r i s t i c s , w h i c h in themselves are o n l y p l a n t -
g r o w t h i n h i b i t i n g because o f the poor a v a i l a b i l i t y o f p l a n t 
n u t r i e n t s , become c r i t i c a l when i r r i g a t i o n i s i n t r o d u c e d . 
Water - a p p l i c a t i o n has t o be heavy because o f h i g h 
e v a p o t r a n s p i r a t i o n r a t e s , t h i s b e i n g p a r t l y because o f p h y s i o -
chemical r e a c t i o n s and p a r t l y because o f t h e mechanical concen-
t r a t i o n below the c u l t i v a t i o n l e v e l s o f t h e f i n e r s i l t and c l a y 
elements, w h i c h a c c e l e r a t e s a d e c l i n e i n s o i l p e r m e a b i l i t y . 
I m p a i r e d d r a i n a g e i n t u r n l e a d s , a t one extreme, t o w a t e r l o g g i n g 
and swamp c o n d i t i o n s such as a t Q a t i f Oasis, a t a n o t h e r , t o 
th e b u i l d - u p o f s a l t s even where s o i l and ground water s a l i n i t y 
i s n a t u r a l l y f a i r l y low. 
Crop - c h o i c e i s t h e r e f o r e s t r o n g l y i n f l u e n c e d by t h e need 
f o r good e c o l o g i c a l i r r i g a t i o n , f o r improvement o f the f e r t i l i t y 
and w a t er h o l d i n g , s o i l management as w e l l as by economic c o n s i d -
e r a t i o n s , and t h e former may be dominant; t h i s s t r i c t l y i s what 
i s r e q u i r e d a t Q a t i f . T h e r e f o r e , n o t o n l y are b a s i c , v e r y 
d e t a i l e d s o i l surveys needed, b u t the b e s t system o f s o i l and 
water management has t o be sought. For example, t h e v e r y c a r e f u l 
c h o i c e o f i r r i g a t i o n systems e.g. over-head or s u r f a c e , i n c l u d i n g 
d e t a i l e d t e c h n i q u e s , m a i n t e n a n c e , c r o p p i n g p a t t e r n s , f e r t i l i z e r 
a p p l i c a t i o n , s e l e c t i o n o f crops e t c . Drainage d i f f i c u l t i e s are 
n o t o n l y a f u n c t i o n o f s o i l p r o p e r t i e s b u t are i n c r e a s e d by h i g h 
demand, not o n l y by p l a n t s , b u t a l s o f o r l e a c h i n g . I n areas where 
p r e v i o u s l y u t i l i z e d w a t e r and s o i l r e s o u r c e s are t o be e x p l o i t e d 
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even v e r y i n t e n s i v e r e s o u r c e surveys do n o t s u p p l y a l l the 
data necessary f o r p r e d i c t i n g p r e c i s e l y s o i l / w a t e r b e h a v i o u r 
under i r r i g a t i o n and t h e r e f o r e t h e r e w i l l be r e q u i r e d c l o s e 
t e c h n i c a l s u p e r v i s i o n a t a l l the p r o j e c t development p r o c e s s e s , 
even at p r o d u c t i o n stage (see pp.l61&165) and m o n i t o r i n g over 
p e r i o d s . 
4) C l i m a t e : t h e main f e a t u r e s i n m i d - l a t i t u d e a r i d r e g i o n s 
are t h e h i g h t e m p e r a t u r e s o f summer a s s o c i a t e d w i t h a wide 
annual and d i u r n a l range. I n w i n t e r , as a t Tauorga t e m p e r a t u r e 
can f a l l t o f r e e z i n g p o i n t w h i l e i n summer t e m p e r a t u r e s o f 
40-42°C are n o t uncommon (see p. 49 ) . High i n s o l a t i o n and 
h i g h t r a n s p i r a t i o n s t r a i n t h e range o f crops or l i v e s t o c k t o 
be grown o r kept r e s p e c t i v e l y . Wind has t h e double e f f e c t o f 
i n c r e a s i n g e v a p o t r a n s p i r a t i o n c a u s i n g water l o s s , and mechan-
i c a l l y c a u s i n g damage t o crops and t r e e s . High a i r t e m p e r a t u r e s 
can i n h i b i t seed g e r m i n a t i o n and can a l s o a d v e r s e l y a f f e c t 
a n i m a l metabolism; h i g h s o i l t e m p e r a t u r e s i n h i b i t h u m i f i c a t i o n 
i n s o i l and p r e v e n t seed g e r m i n a t i o n . High t e m p e r a t u r e and 
h u m i d i t y , which are p a r t i c u l a r l y a s s o c i a t e d w i t h i r r i g a t e d 
mixed t r e e s and c r o p s , are a l s o conducive t o p e s t s and d i s e a s e 
p r o l i f e r a t i o n (see pp.241-242). A f u r t h e r problem can be s h i f t i n g 
sands, c o n s e q u e n t l y wind breaks such as i n A l Hassa and 
Tauorga(see pp.378& 84) became n o t o n l y necessary, but a l s o 
compulsory. The d e s c r i b e d h a r s h p h y s i c a l f a c t o r s s e v e r e l y 
l i m i t t he range o f crops which can be c u l t i v a t e d or t h e l i v e s t o c k 
which can be r e a r e d . Crops and animals t h e n must be c a r e f u l l y 
s e l e c t e d , n o t randomly as at Tauorga (see p. 2 30 ), and o n l y when 
these e n v i r o n m e n t a l r e q u i r e m e n t s are s a t i s f i e d can i t be d e c i d e d 
w h i c h c r o p p i n g or animal programme i s c o m m e r c i a l l y v i a b l e . 
F u r t h e r m o r e , th^s-v p h y s i c a l f a c t o r s i n f l u e n c e t h e s t r u c t u r e 
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and i n s t a l l a t i o n o f the p r o j e c t p l a n n i n g . Consequently, 
f o r example, the i r r i g a t i o n c anals and the d r a i n a g e d i t c h e s 
have t o be l a r g e i n c a p a c i t y , which i n c r e a s e d t h e c o s t , i n 
Tauorga about 841 o f t h e t o t a l e x p e n d i t u r e o f phase 2 ° 
stage 2 (see Table No. 4.1.1 ),and r e s u l t e d i n a waste o f 
c u l t i v a b l e areas. 
One can say t h e r e f o r e t h a t , on one hand the a g r i c u l t u r a l 
p o t e n t i a l i n these i n v e s t i g a t e d p r o j e c t s does e x i s t . On t h e 
o t h e r hand these p h y s i c a l f a c t o r s w i t h t h e i r severe r e s t r i c t i o n s 
and t h e i r s p e c i f i c c h a r a c t e r i s t i c s leave no room f o r manoeuvre, 
and i n c o m b i n a t i o n t h e y c r e a t e a unique s i t u a t i o n i n each case. 
V i r g i n l a n d p r o j e c t s i n such r e g i o n s i n v o l v e the c r e a t i o n o f 
a c r i t i c a l l y s e n s i t i v e e c o l o g i c a l environment f o r f a r m i n g 
p l a c i n g the r e s p o n s i b i l i t y o f e x p l o i t a t i o n i n hazardous 
environments on t h e human f a c t o r which becomes the key v a r i a b l e . 
C) Most i m p o r t a n t i s how these hazardous p h y s i c a l f a c t o r s 
are d e a l t w i t h by s p e c i f i c groups o f people a t d i f f e r e n t l e v e l s 
and the r e s u l t of the i n t e r d e p e n d e n c e o f p h y s i c a l f a c t o r s w i t h 
t h e economic, s o c i a l and o r g a n i z a t i o n a l f a c t o r s of p r o d u c t i o n 
a t v a r i o u s l e v e l s o f s u r v e y , p l a n , d e s i g n , o p e r a t i o n , 
maintenance, e t c . The common major c h a r a c t e r i s t i c s of the 
p r o d u c t i o n f a c t o r s deployed i n the cases s t u d i e d t o ma"tch t h e 
e x p l o i t a t i o n o f those d e s c r i b e d h a r s h p h y s i c a l f a c t o r s can 
be summarized as f o l l o w s : -
1) A r e l a t i v e abundance o f c a p i t a l , as w i t h L i b y a and Saudi 
Arabia, so t h a i no problem o f f i n a n c e arose d u r i n g t h e p r o j e c t 
development processes, t h e i r o p e r a t i o n and maintenance. 
F u r t h e r m o r e , r e t u r n on c a p i t a l was not g e n e r a l l y r e g a r d e d as 
o f prime i m p o r t a n c e ; s u b s i d i e s , f r e e i n t e r e s t l o a n s , are 
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b e i n g g e n e r o u s l y g i v e n (see Table 1.10 and pp.20-23 ) and c a p i t a l 
a p p a r e n t l y h a v i n g been w r i t t e n o f f . However, by so d o i n g the 
o p p o r t u n i t y o f c r e a t i n g an in v e s t m e n t g e n e r a t o r i s d e s t r o y e d 
(see p 206 ) . F u r t h e r m o r e , i t must be n o t e d t h a t such 
governments are p r e p a r e d t o accept t h i s s i t u a t i o n as t h e y 
c o n s i d e r t h a t these e x p e n d i t u r e s w i l l l e a d , a t l e a s t , t o 
p r o v i d e even a minimum o f s o c i a l s e r v i c e s f o r and d i s p e r s a l o f 
o i l g e n erated income t o the i n v o l v e d i n h a b i t a n t s . 
2) S e t t l e r s / A g r i c u l t u r a l w o r kers: w h i l s t we have n o t e d 
t h a t the s u c c e s s f u l e x p l o i t a t i o n o f hazardous e n v i r o n m e n t a l 
r e s o u r c e s throws c r i t i c a l r e s p o n s i b i l i t y onto t h e users o f t h e 
l a n d , we a l s o have t o note t h a t the i m p l i c a t i o n s o f t h i s were 
not p r o p e r l y f o l l o w e d up. I n none o f the p r o j e c t s were s e t t l e r s 
or a g r i c u l t u r a l workers s e l e c t e d or i d e n t i f i e d b e f o r e h a n d , 
n e i t h e r were t h e e s s e n t i a l e d u c a t i o n and t r a i n i n g programmes 
needed f o r the f u t u r e o p e r a t i o n s of the h i g h l y designed 
t e c h n o l o g i c a l farms c a r r i e d o u t , except i n Tauorga and even 
t h e r e v e r y l i t t l e was a c t u a l l y done (see pp.232-233 ) . These 
s e t t l e r s / a g r i c u l t u r a l workers w i t h t h e i r background o f 
t r a d i t i o n a l c u l t i v a t i o n were t o be t r a n s f e r r e d i m m e d i a t e l y t o 
the modern farms c a u s i n g a l o t o f d i f f i c u l t i e s . I t i s n o t 
merely t h e q u e s t i o n o f f i n d i n g s u f f i c i e n t numbers of i n h a b i t a n t s 
t o be s e t t l e d , b u t r a t h e r t h e i r a t t i t u d e s i n w a n t i n g t o be 
farmers (see pp. 376-377 ) and s k i l l e d i r r i g a t i o n f a r m e r s a t t h a t . 
3) Know=how, t e c h n i c i a n s and t e c h n o l o g y : even a c c e p t i n g 
d e s i g n problems, we f i n d > except a t A l Hassa, Haradh and Q a t i f 
which were c o n s t r u c t e d by European f i r m s , t h e r e s t o f t h e 
p r o j e c t s were n o t p r o p e r l y c o n s t r u c t e d . The r e g i o n a l and 
n a t i o n a l shortages o f s k i l l s showed up a l s o i n d i f f i c u l t i e s and 
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problems o f o p e r a t i n g and m a i n t a i n i n g a l l these p r o j e c t s by 
i n d i g e n o u s workers a f t e r t h e i r c o n s t r u c t i o n " t h e s c a l e o f 
c u r r e n t e n g i n e e r i n g p r o j e c t s i n t h e Arab w o r l d i s t r u l y 
monumental, y e t v e r y l i t t l e i s known, i n t h e r e g i o n , 
about the economics, t h e t e c h n o l o g y , or t h e i m p l i c a t i o n s o f 
these major schemes designed and executed by i n t e r n a t i o n a l 
f 3") 
e n g i n e e r i n g f i r m s as t u r n - k e y p r o j e c t s . ' However, i n 
such p r o j e c t s and i n -nany n o n - a g r i c u l t u r a l ones, the c o n t i n u o u s 
need for s k i l l e d t e c h n i c i a n s and s u p e r v i s i o n cannot permanently 
be met by t u r n k e y c o n t r a c t s . I n the case s t u d i e s , f o r example, 
the r e q u i r e d a c c u r a t e l e v e l l i n g , s p e c i f i c depth o f sowing 
and p l o u g h i n g and even d i s t r i b u t i o n o f f e r t i l i z e r s p r e a d i n g , e t c . 
(see Chapter 5-1.3) c o u l d n o t be c a r r i e d out i n Tauorga because 
t h e r e were too few i n d i g e n o u s t e c h n i c i a n s and no l i k e l i h o o d 
o f these appearing (see Table Nos.4.3.1 & 4.3.2). 
4) Management: management d e f i n i t i o n and d u t i e s were shown 
i n p. 107 . I t must be emphasized t h a t seasonal and d a i l y 
a g r i c u l t u r a l and non°agricultural e x t e r n a l c o n n e c t i o n s and 
i n t e r n a l o p e r a t i o n s i n such p r o j e c t s r e q u i r e v e r y h i g h l e v e l s 
o f a c c u r a t e assessment. These can o n l y be c o n t r o l l e d by 
c a r e f u l management which i s capable o f d e a l i n g w i t h a l l t h e 
p r o j e c t a c t i v i t i e s i n c l u d i n g those i n t e r n a l and e x t e r n a l , 
n a t i o n a l and abroad. The i r r i g a t i o n w a t e r i n t h e Tauorga 
p r o j e c t , f o r example,has t o be b r o u g h t from a s i n g l e source 
i n t o the Djosas t h r o u g h the i r r i g a t i o n system (see pp.71-75) 
Tauorga p r o j e c t i s d i v i d e d i n t o d i f f e r e n t s i z e s o f hoshas; 
these being s i ^ - d i v i d e d i n t o d i f f e r e n t s i z e s o f k a tas and 
these are d i v i d e d i n t o d i f f e r e n t s i z e s o f d j o s a s . A l l are 
c u l t i v a t e d w i t h d i f f e r e n t c r o p s . Due t o t h i s v a r i e t y o f 
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s i z e s and crops a c e n t r a l management f o r d i s t r i b u t i n g the 
r i g h t volume o f water from s p r i n g s t o t h e Djosa i s e s s e n t i a l . 
This r e q u i r e s a v e r y w e l l e x p e r i e n c e d team which comprises: 
O r g a n i s a t i o n , a d v i s e r s , s u p e r v i s e r s , t e c h n i c i a n s , s k i l l e d 
workers and watchmen f o r t h e main i r r i g a t i o n canal g a t e s , 
r e s e r v o i r s , sub-main i r r i g a t i o n c a n a l gates e t c . This m a t t e r 
w i l l be more c o m p l i c a t e d i n Q a t i f , f o r example, where t h e r e 
are m u l t i p l e e x t r a c t i o n p o i n t s o f i r r i g a t i o n w a t e r . However, 
t h i s i s o n l y t h e r e q u i r e m e n t f o r t h e i r r i g a t i o n system: s t i l l 
o t h e r d i f f e r e n t teams f o r d r a i n a g e , workshop, c u l t i v a t i o n , 
a d v i s o r y , t r a n s p o r t i n g , m a r k e t i n g e t c . were r e q u i r e d . Except 
i n Tauorga where these teams were formed, a l t h o u g h l a c k i n g i n 
numbers and e x p e r i e n c e , elsewhere t h e y r a r e l y e x i s t . Even 
more l a c k i n g was t h e management necessary f o r i n t e g r a t i n g 
a l l t h e t e c h n o l o g i c a l , s o c i a l and economic a f f a i r s o f t h e 
p r o j e c t . Such management would a l s o have t o be capable o f 
a b s o r b i n g a l l the feedbacks from m o n i t o r i n g systems and, where 
necessary, r e s p o n d i n g and a d a p t i n g t o necessary changes. 
U n f o r t u n a t e l y , as we have seen, n o t even p r e p a r a t i o n 
e 
f o r such requirements t o o k p l a c e and thus n e i t h e r t h e e x t e r n a l 
nor t h e i n t e r n a l a c t i v i t i e s o f t h e Tauorga p r o j e c t c o u l d be 
o p e r a t e d as planned. F i r s t l y , t h e e x i s t e n c e o f a r i g i d 
r o u t i n e i n a d m i n i s t r a t i o n i n the c o n s t r u c t i o n (see pp.210-211) 
and t h e r e c l a m a t o r y c u l t i v a t i o n (see p. 116 ) . Secondly, 
when the f i r s t t e c h n i c a l n e c e s s i t y o f e s t a b l i s h i n g g e n e r a l 
parameters w i t h i n which a v a i l a b l e w a ter and s o i l s c o u l d be 
p r o p e r l y u t i l i z e d was e s t a b l i s h e d , t h e management was n o t 
a b l e t o cope w i t h t h e r e q u i r e m e n t s because o f i t s low q u a l i t y . 
For example, i n the Tauorga p r o j ect(see pp. 222-223 ) t h e s i n k 
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h o l es phenomenon, was p r e d i c t e d as b e i n g a hazard d u r i n g 
the p r e - f e a s i b i 1 i t y s t u d y but i t became more c r i t i c a l t h a n 
e a r l i e r p r e d i c t e d (see p.217) p a r t l y because o f m a n a g e r i a l 
d e f i c i t s i n t e c h n i c a l c o n t r o l and t h e n a l a c k o f a b i l i t y 
q u i c k l y t o respond c o r r e c t l y . 
I n none o f these p r o j e c t s was t h e q u a l i t y and t h e power 
or r e s p o n s i b i l i t y o f t h e management d e t e r m i n e d or i d e n t i f i e d . 
Management q u a l i t y : W h i l s t a t one l e v e l o f c l a s s i f i c a t i o n 
a l l the development p r o j e c t s c o n s i d e r e d , w i t h t h e e x c e p t i o n o f 
Al£ Hassa and Q a t i f were s i m i l a r i . e . t h e e s t a b l i s h m e n t o f 
v i a b l e commercial f a r m i n g households on i r r i g a t e d r e c l a i m e d 
a r i d zone l a n d , a t an o p e r a t i o n a l l e v e l we have n o t e d t h e 
i mportance o f a p p a r e n t l y m i n o r , but c r i t i c a l , d i f f e r e n c e s i n 
t h e balance o f i n t e r d e p e n d e n c e o f i n p u t f a c t o r s as we have 
seen i n Chapter 7 (pp.288-310) and Chapter 8 (pp.328-330 & 
363-371). Management q u a l i t y must be v e r y h i g h i f the 
c r i t i c a l l y unique needs o f each such p r o j e c t are t o be s a t i s -
f a c t o r i l y i d e n t i f i e d and responded t o : t h e r e i s no such t h i n g as 
a r o u t i n e s t a n d a r d approach a p p l i c a b l e everywhere. 
Management power or r e s p o n s i b i l i t y : g i v e n the p i o n e e r i n g 
c h a r a c t e r o f most o f the p r o j e c t s , b o t h i n r e s p e c t o f t h e 
r e s o u r c e s t o be e x p l o i t e d and t h e communities i n v o l v e d , i t i s 
remarkable t h a t t h e r e was no c l e a r s t a t e m e n t o f the r e s p o n s i b i l i t y 
g i v e n t o managements f u l l y t o c o n t r o l e v e n t s . For example, 
management was a l l o c a t e d no c o n t r o l over l a n d occupance t o 
i n s i s t t h a t lp^d was b e i n g used as planned (see pp.112-114) and no 
c l e a r l e g i s l a t i o n or r e g u l a t i o n r e l a t i n g t o the p r e v e n t i o n 
o f s u b d i v i s i o n of h o l d i n g s t h r o u g h i n h e r i t a n c e (see p.114). 
At a s t r a t e g i c l e v e l , the need f o r e s t a b l i s h i n g c l e a r 
management powers f o r .major d e c i s i o n making e.g. at Tauorga 
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whether o r n o t t o proceed w i t h c e n t r a l v i l l a g e c o n s t r u c t i o n , 
or a t A l Hassa, how t o a l l o c a t e r a t i o n a l l y t h e reduced volume 
o f water a c t u a l l y a v a i l a b l e by 1977 compared w i t h t h a t on 
w hich t h e p l a n was based i n 1963. Yet i n such p r o j e c t s t h e 
p r o b a b i l i t y o f d i s c r e p a n c i e s a p p e a r i n g between t h e planned 
elements and what becomes necessary i s h i g h and t h e need f o r 
c l e a r d e c i s i o n making a u t h o r i t y i s t h e r e f o r e g r e a t . 
5) A g r i c u l t u r e P o l i c y : i t i s n o t i c e a b l e t h a t t h e r e was 
an absence o f c l a r i t y and p r e c i s i o n i n the s t atements o f p r o j e c t s ' 
o b j e c t i v e s and t h i s a d v e r s e l y a f f e c t e d t h e v a l i d i t y o f p o l i c i e s . 
A. Absence o f c l a r i t y o f O b j e c t i v e s : i t has been n o t e d t h a t 
a l l these p r o j e c t s had m u l t i - o b j e c t i v e s which appeared i m p r e s s i v e 
i n t o t a l (see p. 154 ) , b u t t h e r e was no s i n g l e c l e a r over-
r i d i n g o b j e c t i v e s t a t e d . I n these p r o j e c t s , t h e r e f o r e , t h e q u e s t i o n 
o f c o n f l i c t o f p r i o r i t y c o u l d not be r e s o l v e d , f o r example 
between the o b j e c t i v e s o f s e t t l e m e n t , r e s o u r c e e x p l o i t a t i o n , 
m a x i m i s i n g a g r i c u l t u r a l p r o d u c t i o n r e q u i r e m e n t s , the r e g i o n a l 
improvement o f socio-economic a-.d c u l t u r a l l i f e . Each one o f 
these c o u l d have been met i n i s o l a t i o n b u t when assembled w i t h o u t 
any s t a t e d p r i o r i t y g i v e n , i n e v i t a b l y produced c o n f l i c t s o f 
i n t e r e s t . For example, a t M i l e i h a and Haradh, the d e c i s i o n s t o 
e s t a b l i s h s m a l l f a m i l y based h o l d i n g s made i t a c t u a l l y i m p o s s i b l e 
t o maximise a g r i c u l t u r a l p r o d u c t i o n - even t o o b t a i n much 
p r o d u c t i o n at a l l . At A l Hassa the most e f f e c t i v e use o f w a t er 
r e s o u r c e s has been s e v e r e l y and a d v e r s e l y a f f e c t e d by the s u r v i v a l 
o f the t r a d i t i o n a l p a t t e r n and l a y o u t o f h o l d i n g s . 
Every development p r o j e c t w i l l c o n t a i n s e v e r a l f a c e t s and 
we have a l r e a d y emphasized t h e p o i n t t h a t t h e r e w i l l be m i n i m a l 
l e v e l s o f and i nterdependence between i n p u t f a c t o r s (see 
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c h a p t e r 7.2 and 7.3). F u r t h e r , t h e r e must be an e a r l y v e r y 
c l e a r i d e n t i f i c a t i o n o f t h e interdependence and incom-
p a t i b i l i t i e s between the v a r i o u s f a c e t s o f p o l i c y o b j e c t i v e s . 
I n o t h e r words, t h e r e s h o u l d be a feedback t o the sta t e m e n t 
o f o b j e c t i v e s from t he stages o f f e a s i b i l i t y s t u d y and even 
from t h e i m p l e m e n t a t i o n s t a g e . To some e x t e n t t h i s may have 
o c c u r r e d i n the Oman case i n t h a t t h e recommendations were n o t 
implemented, b u t i n a l l t h e o t h e r s changes i n p o l i c y o b j e c t i v e 
f o l l o w i n g p r o j e c t e x p e r i e n c e were conf u s e d and never r e a l l y 
d e f i n e d . 
B. V a l i d i t y o f O b j e c t i v e s : we have seen i n the c a s e - s t u d i e s 
t h a t t h e v a l i d i t y o f s t a t e d o b j e c t i v e s was d e s t r o y e d o r 
damaged by some groups o f d e f e c t s . 
1. Foreseeable d e f e c t s - t h e r e c o u l d have been a v o i d e d , b u t 
u n f o r t u n a t e l y were n o t , f o r example: 
( i ) S o c i a l f a c t o r s which were d e f e c t i v e l y surveyed or 
c o n s i d e r e d b e f o r e t h e p r o j e c t was c o n s t r u c t e d , such as i n the 
Haradh p r o j e c t w h i c h was c o n s t r u c t e d on t h e b a s i s o f i n c o r r e c t 
assumption o f the a t t i t u d e s o f the proposed s e t t l e r s (see p,376) 
o r , as a t Tauorga (see p. 269 ) where t h e numbers o f p o t e n t i a l 
workers were g r e a t l y o v e r - e s t i m a t e d . 
( i i ) Table No. 6.7.1 shows a comparison between two t e c h -
n o l o g i c a l approaches (see pp. 256-257). A f a i r l y h i g h t e c h n o l -
o g i c a l approach was chosen i n a l l these p r o j e c t s , b u t t h e 
v e r y low l e v e l o f c a p a b i l i t y o f workers t o a p p l y such t e c h -
nology was c o m p l e t e l y o v e r l o o k e d . Approaches which had been 
developed and proved w i t h i n the c o n t e x t o f t e c h n o l o g i c a l l y 
developed s o c i e t y , where t h e y were r e l a t e d t o t h e c u l t u r a l 
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h e r i t a g e and r e s o u r c e endowments, had not t h e same b e n e f i c i a l 
e f f e c t s when a p p l i e d t o an under-developed c o u n t r y . 
( i i i ) Even where the v a l i d i t y o f planned p r o j e c t o b j e c t i v e s i s 
s a t i s f a c t o r y u s i n g i n t e r n a l c r i t e r i a and i n i s o l a t i o n , t h i s may 
be reduced i f not c o - o r d i n a t e d w i t h those o f o t h e r p r o j e c t s . 
The c o m p e t i t i o n f o r groundwater between t h e Tauorga p r o j e c t 
and o t h e r s i n t h e same r e g i o n was n o t e d on (pp. 244 - 246). 
Behind t h e p r o j e c t d i s t r i b u t i o n o f farms and houses l i e s 
a damaging process o f c o m p e t i t i o n f o r scarce t e c h n i c a l and 
m a n a g e r i a l s k i l l . Other examples can be found i n every 
d e v e l o p i n g c o u n t r y . 
2. Unforeseeable d e f e c t s - t h i s i s a c a t e g o r y which i s n o t 
v e r y simple t o d e f i n e because i t i n v o l v e s the c e n t r a l q u e s t i o n 
of f o r e c a s t accuracy. F i r s t , we can assume t h a t t he accuracy 
o f f o r e c a s t i n g t h e p r o j e c t outcomes w i l l d e c l i n e , the l o n g e r 
th e p e r i o d o f t i m e concerned. 
( i ) F a c t o r s which change w i t h t i m e : I n a l l t h e case-study 
c o u n t r i e s ' p r e d i c t i o n s o f t h e e f f e c t s on n a t i o n a l and r e g i o n a l 
s o c i e t i e s and economies o f l a r g e but i n c r e a s i n g l y i r r e g u l a r 
i n c r e a s e s i n o i l revenue were v e r y d i f f i c u l t . While the o i l 
era has b r o u g h t w i t h i t government i n v e s t m e n t i n a g r i c u l t u r e 
(see pp. 16-17 & Chapter 4.1) expanding markets f o r a g r i c u l t u r a l 
p r o d u c t s and an exposure t o new t e c h n o l o g y , as w e l l as c r e a t i n g 
l o c a l p r i v a t e c a p i t a l , i t has a l s o c r e a t e d v a s t o p p o r t u n i t y 
d i f f e r e n t i a l s which have demoted a g r i c u l t u r e as a r e w a r d i n g 
s e c t o r (see p.383). There has been a v a s t growth i n urban 
j o b o p p o r t u n i t i e s w h i c h compete o v e r w h e l m i n g l y w i t h f a r m i n g , 
p a r t i c u l a r l y f o r t h e young and s k i l l e d w o r k e r s . The a t t r a c t i o n 
o f i n d u s t r y and commerce f o r i n v e s t m e n t , b o t h o f money 
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and a t t e n t i o n by t h e l e a d i n g l a n d owning f a m i l i e s p u t s a g r i c -
u l t u r a l development i n t h e p r i v a t e s e c t o r a t a d i s a d v a n t a g e . 
This f a c t o r p l a y e d a major r o l e a t t h e Haradh p r o j e c t where i t 
added t o the problems a s s o c i a t e d w i t h t h e c u l t u r a l a t t i t u d e s 
o f t h e p o t e n t i a l s e t t l e r s . I n the Tawi M i l e i h a p r o j e c t , p l a n n e d 
i n 1966/67, the e f f e c t o f t h e r i s e i n per c a p i t a income, f i r s t 
i n Abu Dhabi t o t h e h i g h e s t i n t h e w o r l d by 1968, and l a t e r 
a f f e c t i n g the whole UAE was n o t , and i n the c i r c u m s t a n c e s c o u l d 
n o t be f u l l y assessed f o r i t s i m p l i c a t i o n s . W h i l s t t h e growing 
u r b an markets f o r a g r i c u l t u r a l p r o d u c t s were i d e n t i f i a b l e , 
t h e v e r y r a p i d e f f e c t s on income o p p o r t u n i t y , p a r t i c u l a r l y as 
t h e y r e l a t e d t o the immediate l o c a l i t y and t o S h a r j a h ( t h e 
s t a t e concerned) i n t h e p e r i o d b e f o r e t h e c r e a t i o n o f t h e UAE i n 
1971 meant only a t a v e r y g e n e r a l l e v e l c o u l d t h e i m p l i c a t i o n 
f o r M i l e i h a and Haradh be f o r e c a s t . 
( i i ) The l o n g p e r i o d between t h e p r e - f e a s i b i l i t y s t u d y o f t h e 
p r o j e c t and i t s f i n a l c o m p l e t i o n , such as t h e Tauorga p r o j e c t 
i . e . f r o m 1960 u n t i l December 1977 and y e t n o t completed, d u r i n g 
which many f a c t o r s such as t h e p r i c e s o f i n p u t s and o u t p u t s , 
s t y l e o f l i f e e t c . changed. One q u e s t i o n which a r i s e s here i s 
t h e e x t e n t t o which t h e degree o f changes i n e x t e r n a l f a c t o r s 
o u t s i d e t h e c o n t r o l o f t h e p r o j e c t , or even o f L i b y a , e.g. the 
c o s t s and a v a i l a b i l i t y o f i m p o r t e d p l a n t and t e c h n o l o g y , i s a 
f u n c t i o n o f t i m e . The l o n g e r the p e r i o d between p o l i c y form-
u l a t i o n and p r o j e c t completed t h e more u n f o r e s e e a b l e become 
such changes. I n none o f t h e c a s e - s t u d i e s does i t appear t h a t 
t h i s i n c r e a s i n g l a c k o f c o n t r o l was a p p r e c i a t e d and t h e r e f o r e 
t h e e f f e c t o f d e l a y a t d e c i s i o n - m a k i n g , or i m p l e m e n t a t i o n stages 
was never f u l l y r e a l i s e d . 
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( i i i ) P o l i t i c a l f a c t o r s : The need i n L i b y a f o r f o r e i g n 
l a b o u r e r s and t e c h n i c i a n s was assumed t o be met by Egypt and 
T u n i s i a . However, l a b o u r was sometimes a v a i l a b l e and 
sometimes n o t , depending upon t h e changing r e l a t i o n s h i p s 
between L i b y a and these two c o u n t r i e s (see p. 224 ) , 
The sometimes d i f f i c u l t r e l a t i o n s h i p between L i b y a and 
the developed c o u n t r i e s a l s o c r e a t e d d i f f i c u l t i e s i n i m p o r t i n g 
t e c h n o l o g y , seeds, f e r t i l i z e r e t c . Such f a c t o r s a g a i n c o u l d 
not be b u i l t c o m p l e t e l y i n t o the f o r e c a s t or f o r w a r d p l a n n i n g 
assumption on which t he v a l i d i t y o f the o b j e c t i v e s were based. 
So f a r i n t h i s c o n c l u s i o n we have b r o u g h t t o g e t h e r 
many o f the reasons why i n p r o j e c t s examined t h e r e appeared 
a wide gap between p l a n and a c t u a l i t y . What has appeared i n 
the t h e s i s are some common p a t t e r n s o f these reasons f o r t h i s 
d i s c r e p a n c y , t h e p a t t e r n s a p p e a r i n g from t h e analyses made 
i n Chapters 6 and 7. 
The Tauorga and t h e M i l e i h a p r o j e c t s were i n v e s t i g a t e d 
and r e v i e w e d f u n d a m e n t a l l y and i n terms o f g e n e r a l p r i n c i p l e 
why such d i s c r e p a n c i e s between p l a n n e d and a c t u a l i t y t o o k 
p l a c e . F i r s t we a p p l i e d a ty p e o f c r i t i c a l p a t h a n a l y s i s , 
s e c o n d l y , t h e concept o f the "law o f t h e minimum", t h i r d l y , 
we used a m a t r i x a n a l y s i s t o measure t h e s u i t a b i l i t y and 
interdependence o f the i n p u t f a c t o r s i n v o l v e d i n these 
p r o j e c t development. 
I n any p r o j e c t t h e r e w i l l n e c e s s a r i l y be a s e q u e n t i a l 
f l o w o f s p e c i f i c t e c h n i c a l and o t h e r i n p u t s l i k e a rope o f 
v a r i o u s s t r a n d s o f o p e r a t i o n a l sequences and t h e r e w i l l be 
c r i t i c a l convergence and d i v e r g e n c e p o i n t s l i m i t e d t o r e a l 
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t i m e p o i n t s and p e r i o d s . I f even one p o i n t was not met, 
the p r o j e c t moved out o f c o n t r o l and t h e r e s u l t was a 
w a s t i n g o f t i m e and money (see Chapter 7 pp.263-271 and 
Chapter 8 pp.321-323 & 346-350) and a major d e p a r t u r e f r o m 
the p r o j e c t o b j e c t i v e s . 
By e n l a r g i n g t h e concept o f L i e b i g ' s "law o f t h e 
minimum" i t was p o s s i b l e t o i d e n t i f y f o u r d i f f e r e n t degrees 
o f c r i t i c a l problems i n t h e Tauorga p r o j e c t (see Chapter 7 
pp. 271-280) and a v e r y s e r i o u s problem i n the M i l e i h a 
p r o j e c t (see Chapter 8 pp.324) caused by t h e d e f i c i e n c y or 
absence o f one necessary c o n s t i t u e n t even though a l l 
o t h e r s were p r e s e n t . 
The measure o f how conducive t o success o f a p r o j e c t 
are t h e i n p u t f a c t o r s cannot be based on t r e a t i n g each i n an 
i s o l a t e d f a s h i o n . The v i t a l and c o n c l u s i v e f a c t i n d e t e r m i n i n g 
the success or f a i l u r e o f development i s t h e i n t e r d e p e n d e n c e 
of these i n p u t f a c t o r s a c c o r d i n g t o whether t h e dominant 
l i n k a g e w i l l be p o s i t i v e or n e g a t i v e (see Chapters 7.3 and 
8-1.3 and 8-2.3). F u r t h e r m o r e , these t h r e e approaches were 
a p p l i e d b r i e f l y t o analyse f u r t h e r t h r e e analogous p r o j e c t s 
(see Chapter 8.3) t o see whether t h e y had a more g e n e r a l v a l i d i t y . 
As t h e r e s u l t was p o s i t i v e , we t u r n e d t o a n a l y s e , u s i n g t h e 
Kamil A l Wafi case i n Oman, a recommended p l a n which was n o t 
implemented t o see i f these t h r e e approaches were a l s o v a l i d . 
I t appeared from a n a l y s i s t h a t i f t h i s p r o j e c t had 
been implemented t h e n i t would have been bounded by e x a c t l y 
the same parameters which were p r e v a i l i n g i n t h e o t h e r f i v e 
a nalysed p r o j e c t s . 
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Can we t h e n say t h a t the a p p l i c a t i o n o f these approaches 
a t e a r l y development phases c o u l d reduce the danger o f f a i l u r e 
o f planned p r o j e c t s ? 
We can i l l u s t r a t e t h e a p p l i c a t i o n of these approaches 
by r e f e r e n c e t o the main sequence o f processes i n v o l v e d i n 
p r o j e c t development as s c h e m a t i c a l l y i n d i c a t e d i n Fig.9„1.A-D. 
C e n t r a l t o a l l p r o j e c t s ' i s the P o l i c y Making Body (PMB) 
which i s n e c e s s a r i l y r e s p o n s i b l e f o r l a y i n g down and changing 
g e n e r a l P o l i c y O b j e c t i v e s (PO). Once g e n e r a l P o l i c y O b j e c t i v e s 
( I ) are s t a t e d these become the terms of r e f e r e n c e f o r 
F e a s i b i l i t y S t u d i e s ( I I ) . The d e c i s i o n whether or n o t t o 
proceed w i t h any p r o j e c t has t o be t a k e n by t h e (PMB). 
What then i s e s s e n t i a l i s t h a t t h e F e a s i b i l i t y Study (FS) 
s h o u l d i n d i c a t e v e r y c l e a r l y (a) whether a l l o r some o f t h e 
o b j e c t i v e s can be achieved (b) the c r i t i c a l i t i e s i n v o l v e d i n 
such achievement. For example, i n F i g . 9.1A t h e PMB 
l a y s down the P 0 ( I ) . These are f e d f o r w a r d t o the F S ( I I ) 
and a t t h i s p o i n t the t h r e e approaches developed i n t h i s t h e s i s 
can be a p p l i e d so as t o g i v e a feed-back t o t h e PMB, t h i s i n 
o r d e r t o v a l i d a t e or i n v a l i d a t e a l l or p a r t o f the o b j e c t i v e s . 
I f we a p p l i e d t h i s t o the cases s t u d i e d what do we f i n d ? I n 
Tauorga, f o r example, t h e F e a s i b i l i t y Study showed t h a t , a t 
t h a t t i m e , t h e r e e x i s t e d a h y p o t h e t i c a l l a b o u r p o o l from 
w h i c h s e t t l e r s and permanent a g r i c u l t u r a l l a b o u r e r s c o u l d be 
drawn, i n o t h e r words, the law of t h e minimum was a p p a r e n t l y 
s a t i s f i e d here. However, t h e F e a s i b i l i t y Study a l s o showed 
(but d i d not emphasize) t h a t the d e t a i l e d c h a r a c t e r i s t i c s o f 
t e r r a i n , s o i l and w a t e r r e s o u r c e s were such as t o r e q u i r e v e r y 
g 9.1 SCHEMATIC SEQUENCE OF PROJECT DEVELOPMENT 
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I 
Policy FS PMB PMB Feasibility Making 
Study Body 
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c a r e f u l and p r e c i s e o p e r a t i o n s i n c o n s t r u c t i o n , l a n d prep-
a r a t i o n and p r o d u c t i o n use. I f the i n t e r d e p e n d e n c e between 
these f a c t o r s and a h i g h l e v e l o f s k i l l a t a l l l e v e l s from 
management t o work on the l a n d had been i d e n t i f i e d t h e n , e.g. 
t h e c r i t i c a l need f o r employing t h e b e s t c o n t r a c t o r s would 
have been f e d back t o the PMB and the c r u c i a l need f o r 
t r a i n i n g t h e i n d i g e n o u s l a b o u r f o r c e would have been f e d 
f o r w a r d t o the Design stage ( I I I ) see F i g . 9.I.B. The 
PMB a t t h i s stage c o u l d have r e t a i n e d unchanged the PO b u t 
would t h e n have t o i n s t r u c t t h a t the n e x t o p e r a t i o n s based 
on t h e FS would commence, f o r t h i s purpose s e t t i n g up a P r o j e c t 
Management PM which would commission F u n c t i o n a l and T e c h n i c a l 
d e s i g n ( I I I ) . 
The terms o f r e f e r e n c e f o r P r o j e c t Management c o u l d t h e n 
have c o n t a i n e d the r e f i n e d v e r s i o n o f PO t o g e t h e r w i t h 
i n s t r u c t i o n s d e r i v e d from t h e FS. P r o j e c t Management would 
t h e n , h y p o t h e t i c a l l y , have been able t o g i v e more d e t a i l e d 
i n s t r u c t i o n s t o the d e s i g n s t a g e . 
At the F u n c t i o n a l and T e c h n i c a l Design Stage, FTD 
Stage ( I I I ) , t h e same t h r e e approaches, i f a p p l i e d , would 
have g i v e n feed-back and f e e d - f o r w a r d i n f o r m a t i o n . I n 
a c t u a l i t y , t h e r e was no feed-back arid minimum f e e d - f o r w a r d . 
For example, a t the T e c h n i c a l Design stage i n f o r m a t i o n 
o b t a i n e d t h r o u g h p r o j e c t management from t h e f e a s i b i l i t y 
studies should have shown v e r y c l e a r l y t h e c o n s t r u c t i o n a l and o t h e r 
problems of d e a l i n g w i t h s u b - s u r f a c e s o l u b l e s ( i . e . t h e 
s i n k - h o l e p r o b l e m ) . I n t u r n t h i s s h o u l d have been f e d f o r w a r d 
to the C o n s t r u c t i o n and P h y s i c a l I m p l e m e n t a t i o n CPI Stage ( I V ) 
and back t o PM, 
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The l a t t e r i s e s p e c i a l l y i m p o r t a n t because t h e n a t u r e o f 
the C o n s t r u c t i o n and P h y s i c a l I m p l e m e n t a t i o n c o n t r a c t s g i v e n 
by t h e PMB t o ( I V ) - See Fig.9.1.C sh o u l d be d e c i d e d on a d v i c e 
r e c e i v e d from P r o j e c t Management, and t h e c o n s t r u c t i o n 
c o n t r a c t o r s s h o u l d c a r r y out work a c c o r d i n g t o t h e e x a c t 
s p e c i f i c a t i o n s drawn up a t t h e T e c h n i c a l Design Stage. 
I n a c t u a l i t y , t h e c r i t i c a l n a t u r e o f t h i s t e r r a i n f a c t o r 
was n o t f u l l y r e c o g n i s e d a t t h e d e s i g n stage and t h e r e f o r e i g n o r e d 
by the c o n s t r u c t o r s . S i m i l a r l y , w i t h f u n c t i o n a l d e s i g n . An 
e s s e n t i a l r e q u i r e m e n t t o meet the o b j e c t i v e s was a body of 
s k i l l e d f armers and l a b o u r e r s . The m i n i m a l r e q u i r e m e n t c o u l d o n l y 
be met by a t r a i n i n g programme and t h i s , i n terms of c r i t i a l 
p a t h a n a l y s i s , r e q u i r e d o p e r a t i o n s i n r e a l t i m e . Every o p e r a t i o n 
s h o u l d have been completed e x a c t l y w i t h i n t h e planned time 
because t h e i r c o m p l e t i o n would g i v e the green l i g h t f o r o t h e r s 
t o s t a r t . 
F u n c t i o n a l and T e c h n i c a l d e s i g n a t Tauorga was i n p a r t 
a component o f the F e a s i b i l i t y Study, a l l e q u i v a l e n t t o Phase 
One o f t h e p r o j e c t . When Phase Two, Stage One, C o n s t r u c t i o n 
and P h y s i c a l I m p l e m e n t a t i o n was t o be c a r r i e d out t h e n P r o j e c t 
Management was i n t r o d u c e d , b u t t h i s was g i v e n r e s p o n s i b i l i t y only 
f o r s u p e r v i s i n g c o n s t r u c t i o n . So the CPI ( I V ) became more or 
l e s s a mechanical e x e r c i s e c a r r i e d out w i t h o u t r e f e r e n c e t o 
FTD ( I I I ) (except i n terms o f g e n e r a l e n g i n e e r i n g s p e c i f i c a t i o n ) 
and t h e P r o j e c t Management (PM) i t s e l f was o n l y concerned w i t h 
c i v i l e n g i n e e r i n g . T h e r e f o r e t h e r e c o u l d be no adequate feedback 
or f e e d f o r w a r d c o n c e r n i n g the c r i t i c a l areas o f o p e r a t i o n , 
n e i t h e r was t h e r e any body a l e r t e d t o t h e need f o r i n t e g r a t i n g 
c i v i l e n g i n e e r i n g sequences w i t h e.g. l a n d p r e p a r a t i o n or the 
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t r a i n i n g o f p o t e n t i a l s e t t l e r s d u r i n g t he c o n s t r u c t i o n 
programme,, I n o t h e r words, t he convergencies i d e n t i f i e d i n 
c r i t i c a l p a t h a n a l y s i s and the i n t e r f a c e s between i n p u t 
f a c t o r s were i g n o r e d . 
So, t h e l i n k a g e s shown i n 9.1,C. c o u l d n o t be ad e q u a t e l y 
used and by the end o f the C o n s t r u c t i o n and P h y s i c a l 
I m p l e m e n t a t i o n ( I V ) t he P r o d u c t i o n Phase (V) had t o s t a r t 
almost from s c r a t c h ( F i g . 9 . I . D . ) . I f P r o j e c t Management 
had i n c l u d e d a g r i c u l t u r a l as w e l l as e n g i n e e r i n g r e s p o n s i b i l i t y 
t he feedback and fe e d f o r w a r d systems c o u l d have worked. 
I n f a c t t h e PMB had t o i n t r o d u c e a new A g r i c u l t u r a l Management 
group (AM) which c o u l d o n l y accept what had been done by 
CPI, and accept t he bare o u t l i n e s o f p r o j e c t d e s i g n from t he 
e a r l i e r FS and FTD Stages. 
I n a c t u a l i t y t h e FS showed ( b u t d i d n o t emphasize) the 
d e t a i l e d c h a r a c t e r i s t i c s r e q u i r e d o f A g r i c u l t u r a l Management 
(AM), t h e degree o f accuracy needs i n s o i l / w a t e r management, 
th e d e t a i l e d programmes f o r t r a i n i n g and e d u c a t i n g s e t t l e r s 
and maintenance l a b o u r e r s and the e x c e p t i o n a l f l e x i b i l i t y 
o f i m p o r t i n g . We can say t h a t i n terms o f management i n p u t 
t h e r e f o r e , t h e law o f the minimum was n o t met, poor f e e d 
back from FS t o the PMB, and what made t h e s i t u a t i o n worse 
was t h e m i n i m a l f e e d f o r w a r d from PMB t o t h e AM. These 
r e q u i r e m e n t s were e i t h e r i g n o r e d or n o t p r o p e r l y c a r r i e d o u t 
by the AM which r e s u l t e d i n no n - c o m p l e t i o n o f the r e c l a m a t o r y 
c u l t i v a t i o n s t a g e . The l a t t e r t o g e t h e r w i t h t h e a l r e a d y 
uncompleted items such as the c e n t r a l v i l l a g e had formed a 
c r i t i c a l f a i l u r e o f c r i t i c a l p a t h c o n v e r g e n c i e s . 
-409-
The n a t i o n a l i n f l u e n c e s on t h e p r o j e c t such as those 
which change over time s h o u l d a l s o have been c o n s i d e r e d by 
th e PMBin o r d e r t o e s t i m a t e t o what e x t e n t t h e y might a f f e c t 
t h e p r o j e c t and i m m e d i a t e l y t o f e e d f o r w a r d necessary 
i n s t r u c t i o n s t o t h e r e l e v a n t a g e n c i e s . I n terms of c r i t i c a l 
p a t h a n a l y s i s i n r e a l t i m e , t he Tauorga p r o j e c t ' s PO and the 
methods o f a p p r o a c h i n g them were f i r s t s t u d i e d i n 1960 and 1965 
L i b y a was a poor c o u n t r y , b u t changed c o n s i d e r a b l y by 1972 when 
Li b y a had become v e r y r i c h , and t h e c o n s t r u c t i o n phase s h o u l d 
have f i n i s h e d ; and had changed even more by 1974 when l a n d 
p r e p a r a t i o n i n Tauorga was b e g i n n i n g . What we see, i n o t h e r 
words, i s t h e h y p o t h e t i c a l f l o w l i n k a g e s o f d e c i s i o n s and 
i n f o r m a t i o n as i l l u s t r a t e d i n F i g . 9.1 but an inadequate 
a p p r e c i a t i o n o f what these f l o w processes c o u l d c o n t r i b u t e and 
t h e r e f o r e t h e absence o f any i n t e g r a t e d a p p r e c i a t i o n o f 
r e q u i r e m e n t s a t any l e v e l from the P o l i c y Making Body t o 
A g r i c u l t u r a l Management. As a r e s u l t t h e P r o d u c t i o n Phase was 
n o t c o m p l e t e l y a t t a i n e d and none of the main P o l i c y O b j e c t i v e s 
reached. 
I n t h e Tawi M i l e i h a Development p r o j e c t case the PO 
l a i d o u t by t h e PMB was n o t as c l e a r as the s p e c i f i c terms o f 
r e f e r e n c e would seem t o i m p l y . At no t i m e was t h e r e a c l e a r 
commitment t o a n y t h i n g more t h a n t h e c o n s t r u c t i o n and p h y s i c a l 
i m p l e m e n t a t i o n necessary f o r t h e i r r i g a t i o n o f 120 ha. o f 
l a n d . Socio-economic and the t e c h n i c a l i m p l i c a t i o n s o f t h i s 
were n o t g i v e n s e r i o u s c o n s i d e r a t i o n . I n t h i s p r o j e c t t he 
p o t e n t i a l demand f o r f a m i l y h o l d i n g and t h e m i n i m a l r e q u i r e m e n t 
o f p r o d u c t i o n l a b o u r e r s / s e t t l e r s s h o u l d have been f e d f o r w a r d 
t o a r e l e v a n t agency, b e f o r e s t a r t i n g t h e p r o j e c t c o n s t r u c t i o n , 
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i n o r d e r t o know whether t o proceed or m o d i f y and proceed 
t o t h e next s t e p . 
I n a c t u a l i t y n e i t h e r the s e t t l e r s and t h e i r numbers 
were i d e n t i f i e d nor was any f u l l i n v e s t i g a t i o n o f the p o t e n t i a l 
demand c a r r i e d o u t because the PMB o n l y s l o w l y began t o s t a t e 
f u r t h e r p o l i c y o b j e c t i v e s a f t e r t he h y d r o l o g i c a l survey and 
a g r i c u l t u r a l r e connaissance survey were c a r r i e d o u t . These 
su r v e y s , t o g e t h e r w i t h one more d e t a i l e d l a y o u t survey, were 
assumed t o c o n s t i t u t e a F e a s i b i l i t y Study and p r o v i d e s u f f i c i e n t 
F u n c t i o n a l and T e c h n i c a l Design. The FS showed and emphasized 
the need f o r c o n s t r u c t i o n o f p e r i m e t e r and f l o o d p r e v e n t i o n 
b a r r i e r s f o r the p r o j e c t p r o t e c t i o n ; i n o t h e r words t h e law 
of t he minimum was s a t i s f a c t o r i l y i d e n t i f i e d i n terms o f 
t h i s i n p u t and s h o u l d have been f e d f o r w a r d t o the PM by 
t h h PMB. 
But, i n f a c t , t h i s was d e l i b e r a t e l y i g n o r e d e.g. 
the p e r i m e t e r was i n c o m p l e t e l y c o n s t r u c t e d and the f l o o d 
p r e v e n t i o n b a r r i e r s were n o t c o n s t r u c t e d a t a l l and r e s u l t e d 
i n a s i g n i f i c a n t l o s s o f l a n d and t h e r e f o r e a d e c l i n e i n 
v i a b i l i t y . 
Thus t h e mere study of c r i t i c a l elements i s i n s u f f i c i e n t ; 
r e s u l t s o f FS and i n f o r m a t i o n from FTD have t o be p r a c t i c a l l y 
a p p l i e d . 
S i m i l a r l y t h e FS emphasized the need f o r v e r y c a r e f u l 
management o f the p h y s i c a l f a c t o r s , p a r t i c u l a r l y i n r e l a t i o n 
t o water qua".ity. This should have been c o n s i d e r e d v e r y 
s e r i o u s l y by the PMB i n or d e r t o a p p o i n t q u a l i f i e d and 
r e s p o n s i b l e P r o j e c t Management and f e e d i t w i t h t he 
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recommendations from the FS. 
I n a c t u a l i t y t h e PM was n o t a b l e t o cope w i t h t he 
p r o j e c t c o n s t r u c t i o n r e q u i r e m e n t s and the s u p e r v i s i o n team 
were not able t o o f f e r s u f f i c i e n t f u l l t i m e a t t e n t i o n . 
A d d i t i o n a l l y , i t was n o t r e c o g n i s e d t h a t t h i s p r o j e c t 
was b e i n g developed a t a t h r e s h o l d o f fundamental r e g i o n a l 
economic change over t i m e . T h i s i n terms o f c r i t i c a l p a t h 
a n a l y s i s i n r e a l t i m e shows t h a t t h i s p r o j e c t which was v a l i d 
when t h e f i r s t o b j e c t i v e was s t a t e d i n 1966, and c o u l d have been 
v a l i d i n 1968 when the p r o j e c t s h o u l d have been i n the 
p r o d u c t i o n phase had t o be seen v e r y d i f f e r e n t l y by t h e e a r l y 
1970's when Dubai and S h a r j a h as w e l l as Abu Dhabi had become 
o i l p r o d u c e r s . 
I n the Haradh p r o j e c t case we had seen t h a t t h i s 
p r o j e c t was abandoned as a s e t t l e m e n t programme m a i n l y due t o 
t h e nomadic Bedouin a t t i t u d e s , and t h i s i n terms of the 
law o f t h e minimum c o u l d have been avoided i f t h e r e had been a 
t h o r o u g h i n v e s t i g a t i o n o f t h i s e s s e n t i a l i n p u t f a c t o r . Thus 
t h e FS f e e d back t o t h e PMB o f the a v a i l a b i l i t y o f s e t t l e r s 
was h y p o t h e t i c a l l y c o r r e c t i n terms o f numbers of non-
s e d e n t a r y people b u t t o t a l l y wrong i n the assumption t h a t 
t h e y would w i s h t o become i n v o l v e d i n c u l t i v a t i o n as permanent 
l a b o u r e r s . 
S i m i l a r l y , t h e market s i t u a t i o n was not s a t i s f a c t o r i l y 
i d e n t i f i e d , thus the o n l y o u t l e t f o r t h e p r o d u c t s was i n 
Nejd and Hejaz i n the c e n t r e and west, b u t t h e h i g h t r a n s p o r t 
c o s t s have shown t o have excluded p r o f i t a b i l i t y w i t h o u t the 
h e l p o f heavy government s u b s i d y . 
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I n terms o f c r i t i c a l p a t h a n a l y s i s o f the p e r i o d 
between t h i s p r o j e c t ' s c o n c e p t i o n and i t s r e a d i n e s s f o r a 
p r o d u c t i o n phase, t h i n g s which appeared f e a s i b l e i n 1966 
such as t h e t r a i n i n g o f Bedouin f o r work on i r r i g a t e d s m a l l 
h o l d i n g s became p r a c t i c a l l y i m p o s s i b l e d u r i n g the 1970's i n 
the E a s t e r n p r o v i n c e o f Saudi A r a b i a where o p p o r t u n i t i e s f o r 
w e l l p a i d employment o f f the l a n d were v e r y r a p i d l y growing. 
I n t h e A l Hassa p r o j e c t case, w h i l e a c c o r d i n g t o t h e 
FS f e e d back the PMB had t a k e n a d e c i s i o n o f r e c l a i m i n g 
12,000 ha„ of c u l t i v a b l e l a n d t o g i v e a t o t a l o f 20,000 ha., 
i t was l a t e r found t h a t the t o t a l q u a n t i t y o f water a v a i l a b l e 
was i n f a c t inadequate f o r the whole p r o j e c t r e c l a m a t i o n . 
This i n terms o f the law o f t h e minimum was an u n s a t i s f a c t o r y 
i d e n t i f i c a t i o n o f an e s s e n t i a l i n p u t f a c t o r , m a i n l y because 
the changes of demand over time were n o t a p p r e c i a t e d . A g a i n , 
c r i t i c a l p a t h a n a l y s i s emphasises the need f o r l o o k i n g a t 
development i n r e a l t i m e . I n t h i s case, a g r i c u l t u r a l 
development i n A l Hassa was p a r a l l e l e d by a growth i n 
p o p u l a t i o n ( e s p e c i a l l y urban) i n per c a p i t a domestic water 
demand, i n d u s t r i a l and o i l f i e l d i n j e c t i o n w a t er demand. 
The improved e f f i c i e n c y o f wat,er use r e q u i r e d a 
t e c h n i c a l r a t i o n a l i s a t i o n o f the c o n t r o l o f water q u a l i t y 
and d i s t r i b u t i o n from source t o f i e l d s w h i c h i n t u r n d i c t a t e d 
a s p e c i f i c need f o r q u a l i f i e d and p o w e r f u l management or 
a d v i s o r y team; t h i s was n o t i d e n t i f i e d by FS t o f e e d back 
t o the PMB. U n s a t i s f a c t o r y i d e n t i f i c a t i o n o f these e s s e n t i a l 
i n p u t f a c t o r s , which c o n s e q u e n t l y were e i t h e r i g n o r e d or not 
p r o p e r l y p r e p a r e d t o converge w i t h o t h e r o p e r a t i o n s a t 
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s p e c i f i c t i m e s , a l l f a i l u r e s l e d t o problems and d i f f i c u l t i e s . 
I n t he O a t i f o a s i s case, we found t h a t a l t h o u g h the 
FS showed and emphasized the need f o r i n t e g r a t e d d r a i n a g e 
and i r r i g a t i o n systems, but s t i l l we can see t h a t the law 
o f t h e minimum was n o t s a t i s f a c t o r i l y met because t h e r e was 
no overcoming of t h e d i f f i c u l t y o f i n t r o d u c i n g a s t r u c t u r a l 
n etwork o f d r a i n a g e systems at a l l l e v e l s from f i e l d t o 
o a s i s w i t h o u t which a p r o p e r s o i l / w a t e r balance everywhere would 
be i m p o s s i b l e . I n o t h e r words t h e FS s h o u l d have showed th e 
n e c e s s i t y of e s t a b l i s h i n g , perhaps, s e v e r a l i n t e g r a t e d 
d r a i n a g e systems depending on t o p o g r a p h y , and t h i s must c o n s i d e r 
the q u e s t i o n of interdependence w i t h t h e e x i s t i n g i r r i g a t i o n 
p l o t s . 
F u r t h e r m o r e , t h e i n e v i t a b l e t e c h n i c a l r e q u i r e m e n t o f 
q u a l i f i e d management t o d e a l w i t h these d r a i n s , i r r i g a t i o n 
w a t e r d i s t r i b u t i o n which had t o be e x t r a c t e d from m u l t i p l e 
p o i n t s , was n o t i d e n t i f i e d , and thus was n o t f e d f o r w a r d or 
backward. 
By a n a l y s i n g these p r o j e c t s , one can say t h a t i n none 
of them had the p r o d u c t i o n stage been s a t i s f a c t o r i l y reached 
and none of them r e a l i z e d i t s o r i g i n a l o b j e c t i v e s . 
I n a l l these cases we have shown, by examples, how, 
by t h e a p p l i c a t i o n of the a n a l y t i c a l and e v a l u a t i o n approaches 
used i n t h i s t h e s i s , c o n s i d e r a b l e waste o f c a p i t a l c o u l d 
have been avoided and how a g r i c u l t u r a l development programmes 
c o u l d have been r e ~ a p p r a i s e d and/or r e d e s i g n e d t o achieve 
g r e a t e r success. I f we f i n a l l y c o n s i d e r t h e proposed p r o j e c t 
i n Oman i t i s p o s s i b l e t o c l a i m t h a t , f i r s t , t he d e c i s i o n 
-414-
whether or n o t t o implement t h i s p r o j e c t would be b e s t t a k e n 
by t h e processes of e v a l u a t i o n which we have used. Secondly, 
i f t h e d e c i s i o n t o proceed i s t a k e n f o r e.g. p o l i t i c a l 
r a t h e r than economic reasons, t h e same e v a l u a t i o n processes 
c o u l d be used t o ensure the l e a s t w a s t e f u l or c o u n t e r -
p r o d u c t i v e r e s u l t s . I t i s suggested t h a t approaches o f 
t h i s k i n d s h o u l d be b u i l t i n t o most i f n o t a l l development 
p r o j e c t s . 
-415-
REFERENCES 
(1) Bowen-Jones, H., p e r s o n a l communication. 
(2) A l l a n , J.A., Management o f A g r i c u l t u r a l Resources i n 
C o a s t a l L i b y a , Working Paper, School o f 
O r i e n t a l and A f r i c a n S t u d i e s , 
( U n i v e r s i t y o f London, August 1980) 
(3) Zahlan, A.B. ( e d ) , Technology T r a n s f e r and Change i n 
t h e Arab World, A Seminar o f t h e U n i t e d 
N a t i o n s Economic Commission f o r Western 
A s i a , Pergamon Press (London 1978), p . i x . 
-416-
<3- O O o OO CT> CO o rxi rx] 
Q O o i O L O O OO r- to CO r H to f x l +-> r- 1 L O CTi r^ - r H cxi f x j to to L O r H 
LT) at r H rx) o rx] L O L O T—1 r H r H 
O O O O o o L O oo a i 1 rxi 1 to 6 d 1—t tO 1 • r H cn CT> O CO rx] r H to rvj r H r H 0 0 L O 
r H 
o O q CO \D to rx] H 
O o o •xl- Cxi cn cn vD L O rx) -xt o rx] r H co to r H to i—i cn to 
r H cxi O L O r H ,—i L O fx) O 
to r H fx] r H 
C) Q r-j o o O O r H O 0 0 o o 
O 8 r H CO fxj O \o oo CO , x T i—i cn i—< L O •xt r H •xt r H •M 
1—1 Cx] CO M- to cx] CO (X] •xt 
r H r H ^ 
to o 8 O CO CO O O to r j - co L O CO O 
r H Cx] L O oo to r H Cx] r H tO CO 1 
x * x i - <CT CT* x * to CT> r-H r—1 •M 
r H to Cxi r H i—4 r H r H 
r H r H 
O O cn o •xt LO O 
O O O 
I—( O r H oo to r H OO O 0 0 1 
r H i Cxi CT) OO x T CT) LO •M 
L-O r H to Cx] r H vO r H r H r H 
r H r H 
O o o CO •xt LO LO rx) . 
o O O rxi O Cxi LO to CO CO d O i— 
+J cn o L O •^ r L O r H cn to r H r H rx] d ex] to O cxi r H r H <cr r H CT> 
to r H Cxi 
O O r- i r-- O rxi CTi 
o O O OO CO L O \o rx] CTi r H CO i L O • x * r H L O r-- r H CO to o 1 \D r-- (NJ r-. rx] r H co r-- L O LTi r H to r H d 
cr> o O ro CO O •^r v£5 fx) r H 
Q Q O o O d O Cx) rxj vO r H L O CO rx] OO rH r-- r - to CO O r H to to d O -M to Cxl CO r H r H r H Cx] Cxi L O fx] 
Q O L O O o r H CT> CO oo O O r- i • • r H o to r H •^ r oo to i—i ro O in* rn to rx) CO L O r H L O CTi f—t L O CT> 
r H r H CX] to to •3" d 
o o to Q O r-- CT) Cx] 
O to O O o O CO Cx) cx] rx] d r j rx] rx] cn CTt d LO o O L O CO O L O rx] to to d rxi rx] rx i r H r H to rxi x T L O 
o o o 
0 0 0 0 0 0 R K1 oo K) i—I O 6 
O O rH 
O SO O 
\0 0 0 fN] 
o 
CO 
K) OO CO LO 
so r^j 
\0 ro LO o rH 
• r H o o 
r - O 
L O CTt 
r H 
O 
O 
O 
i-o 
o 
o o 
o o o 
CTl O l r O CT) 
U 
O 
*-> 
CS 
(-. 
o 
s • p
m pm
 
a u i/> a . <-i o aj 
y LO JO 3 INI t/i •iS CO • H C +J <U rH 
o n) _ c O 
u a : r g L0 
u o o . H ns to LO 
• H O 
J=l O L0 
u 
rH a) 
• H 
T j O r- nj U 
m o +-> +-I 
e v d O O L0 E H 
E 6 S 6 e S 6 P. P< P* ft ft PH DH 
a , P, D. P. D. a . P. 
6 P. 
a , 
<3 0 ^ 1 8 O O CO Z 
LO 4—* 
•M VH 
O cd (1) P. 
•i—> o 
M r-t • H P. 
•P i—t ~ 
c o ^ 
0) 6 <D »CTi 
rH L0 rH 
•M •H 
+J L0 -
CD CD 6 
CO J= CS H X 
T3 rH 
c • 3 
a a 
J 3 CH 
0 H O 
T3 X 
CD H H 
42 - H 
c Irt « 
•H ! H 
N rH CD 
U i l > 
0) 3 - H 
CD P, C 
P, c n 
CO 3 V—' 
<L> 
u 
(-. D o co 
Appendix - B l -417-
SOIL CHEMICAL ANALYSIS 
Hosha 
No. 
pH+ 
Cwater) 
E.C.+ 
mmhos 
Salts 
% 
CaCO., 
o. -J 
•o 
C|S0 4 Boron 
ppm 
Organic 
matter % SAR 
ESP 
% 
1 7 . 5 2 1 . 3 0 . 5 1 2 0 8 0 . 8 5 1 5 . 0 0 . 7 8 1 3 . 2 1 5 . 6 
2 7 . 6 3 2 . 6 0 . 8 1 5 . 0 1 . 1 8 1 0 . 7 0 . 8 7 2 9 . 2 2 9 . 4 
3 7 . 7 3 1 . 0 0 . 7 1 5 . 4 1 . 3 0 1 1 . 4 0 . 9 7 2 0 . 8 2 2 . 7 
4 7 , 7 3 4 . 0 0 . 8 1 4 . 9 1 . 0 7 1 4 . 4 0 . 7 6 1 4 . 3 1 6 . 6 
5 7 . 6 2 9 . 9 0 . 7 1 4 . 9 1 . 3 1 1 5 . 4 0 . 8 0 1 7 . 7 1 9 . 9 
6 7 . 4 1 0 . 4 0 . 3 1 2 . 9 0 . 9 6 7 . 8 0 . 7 6 1 0 . 5 1 2 . 3 
7 7 . 6 1 6 . 0 0 . 4 1 0 . 7 1 . 1 7 7 . 1 0 . 8 1 1 4 . 2 1 6 . 4 
8 7 . 4 2 3 . 5 Oo 5 1 7 . 9 1 . 1 0 6 . 7 0 . 4 7 9. 9 1 1 . 7 
9 7 . 6 1 6 . 7 0 . 4 1 3 . 1 1 0 1 4 3o 5 0 . 5 9 7 . 0 8. 3 
1 0 7 . 6 1 7 . 0 0 o 4 1 4 . 4 1 . 1 0 6. 4 0 . 6 9 1 1 . 4 1 3 . 4 
1 1 7 . 6 2 7 . 9 0 . 6 1 4 . 9 1 . 1 3 1 1 . 9 0 . 7 7 7 . 6 9. 1 
1 2 7 . 7 1 8 . 6 0 . 4 1 6 . 1 1 . 2 3 2 . 6 1 . 1 4 9 . 8 1 1 . 7 
1 3 7 . 8 1 6 . 3 0 . 4 1 3 . 0 1 . 1 6 5 . 8 1 . 1 2 6 . 8 8 . 1 
1 4 7 , 8 1 4 . 4 0 . 3 1 6 . 5 1 . 0 2 4 . 5 Oo 8 8 4 . 6 5 . 3 
1 5 7 . 8 8 . 8 0 . 2 1 6 . 5 0 . 9 1 4 . 2 1 . 0 8 6 . 7 7 . 9 
1 6 7 . 8 4 . 5 0 . 1 1 6 . 5 Oo 1 0 3 . 6 0 . 8 9 7 . 6 9 . 0 
1 7 7 . 8 4 . 3 0 . 1 1 6 . 9 0 . 0 8 2 . 8 0 . 7 9 6 . 0 7 . 1 
1 8 7 . 6 2 1 . 8 0 . 5 1 7 . 3 1 . 0 2 6 . 9 0 . 6 0 1 3 . 5 1 5 . 7 
1 9 7 . 4 1 6 . 3 0 . 4 14.C 1 . 0 6 8 . 2 0 . 3 6 1 3 . 5 1 5 . 7 
2 0 7 . 5 2 3 , 2 0 . 5 1 5 . 4 1 . 0 6 1 6 . 2 0 . 5 0 2 6 . 0 2 7 . 1 
2 1 7 . 6 3 2 . 4 0 o 7 1 4 . 8 l o l l 2 4 . 5 0 . 3 6 2 7 . 6 2 8 . 3 
2 2 7 . 6 2 5 . 1 0 . 5 1 4 . 8 1 . 2 8 8 . 6 0 . 3 3 2 0 . 0 2 2 . 1 
2 3 7 . 6 3 8 . 4 0 . 8 1 5 . 6 1 . 3 9 1 8 . 5 0 . 4 7 2 6 . 0 2 7 . 0 
2 4 7 . 5 1 5 . 7 0 . 3 1 5 . 7 1 . 0 1 7 . 7 0 . 4 0 2 0 . 2 2 2 . 2 
2 5 7 . 6 1 4 . 9 0 . 3 1 5 . 8 0 . 7 0 2 0 . 7 0 . 4 7 6 . 7 7 . 9 
2 6 7 . 5 8 . 4 Oo 2 1 5 . 8 0 o 9 7 2 . 3 0 . 4 3 6. 5 7 . 7 
2 7 7 . 7 9 . 4 0 . 2 1 7 . 9 0 . 9 5 3 . 8 0 . 2 9 4 . 6 5 . 2 
2 8 7 . 4 5 . 8 0 . 1 1 8 . 1 0 . 7 5 5 . 5 0 . 3 0 4 . 6 5 . 2 
2 9 7 . 6 2 6 . 6 0 . 6 8 . 9 1 . 1 5 1 8 . 6 0 . 6 8 2 2 . 1 2 3 . 8 
3 0 7 , 5 9. 5 0 . 2 8 . 6 0 . 9 4 9 . 1 0 . 7 1 2 0 . 1 2 2 . 1 
3 1 7 . 5 1 5 . 2 0 . 4 1 2 . 9 0 . 9 4 1 0 . 8 0 . 5 2 1 7 . 3 1 9 . 5 
3 2 7 . 5 1 2 . 4 0 . 3 1 1 . 5 0 . 9 8 2 4 . 8 0 . 7 0 3 5 . 9 3 4 . 1 
* i n s a t u r a t i o n e x t r a c t 
Source: F i n a l Report ° S u p e r v i s i o n o f t h e Tauorga A g r a r i a n 
Re fori;! Pro- 9 c t - Second phase, WAKUTI (Siegen, 
March 1977; p . 2 0 . 
Appendix - B 2 
- 4 1 8 -
SOIL CHEMICAL ANALYSIS 
Hosha Cations ME Q/L Total Anions_ME Q/L_ Total Satur-
No 
Na+ K+ Ca++ Mg++ HCO- CI" SO4" at ion 
\ 
1 6 6 . 2 4 . 5 2 8 . 5 2 1 . 6 1 2 0 . 8 4 . 0 7 7 . 6 3 8 . 7 1 2 0 , 3 3 4 
2 1 5 6 . 0 6 . 8 2 9 . 5 2 7 . 7 2 2 0 . 0 3 , 1 1 6 0 . 3 5 6 . 0 2 1 9 . 4 3 6 
3 9 9 . 7 4 . 7 2 4 . 6 2 1 . 5 1 5 0 . 5 2 . 8 1 0 4 , 4 5 1 . 2 1 5 8 . 4 3 6 
4 6 7 , 0 3 , 6 2 5 . 1 1 8 . 6 1 1 4 . 3 2 . 7 6 9 , 6 4 1 . 6 1 1 3 . 9 3 7 
5 8 6 , 6 5 . 1 2 7 . 7 2 0 . 2 1 3 9 . 6 2 . 4 8 7 , 2 5 0 . 5 1 4 0 . 1 3 5 
6 4 5 . 7 2 . 8 2 2 , 8 1 5 . 2 8 6 . 5 3 . 2 4 9 , 4 3 3 . 7 8 6 . 3 3 8 
7 6 2 . 6 3 . 2 2 0 . 8 1 6 . 9 1 0 3 . 5 3 . 1 6 6 , 2 3 4 . 6 1 0 3 . 9 4 0 
8 4 7 . 5 2 . 7 3 0 . 9 1 5 . 4 9 6 , 5 4 . 6 6 3 , 5 2 9 . 0 9 7 . 1 3 5 
9 3 1 . 1 2 . 7 2 6 . 6 1 2 . 8 7 3 . 2 4 . 1 3 7 . 4 3 2 . 2 7 3 . 7 3 6 
1 0 5 1 . 7 3 . 4 2 4 , 3 1 7 . 1 9 6 . 5 3 . 1 5 8 , 5 3 5 . 0 9 6 . 6 3 5 
1 1 3 2 . 5 2 . 8 2 3 . 6 1 2 . 6 7 1 . 5 2 . 9 3 7 , 1 3 1 , 8 7 1 . 8 3 6 
1 2 5 3 . 0 3 . 6 3 7 . 9 2 0 . 3 1 1 4 . 8 8 . 1 6 8 , 6 3 7 . 1 1 1 3 . 8 3 6 
1 3 3 2 . 8 2 . 7 3 0 . 8 1 5 . 3 8 1 . 6 7 . 4 4 0 , 8 3 2 . 9 8 1 . 1 3 6 
1 4 2 0 . 4 2 . 7 2 5 . 7 1 3 . 0 6 1 . 8 6 . 6 3 1 . 2 2 3 . 1 6 0 . 9 3 4 
1 5 3 0 . 3 2 , 9 2 6 . 4 1 4 . 7 7 4 . 3 5 . 8 3 9 . 8 2 9 . 2 7 4 . 8 3 8 
1 6 2 4 . 2 2 . 4 1 9 . 5 1 1 . 2 5 7 . 3 5 , 0 2 7 . 6 2 3 . 9 5 6 . 5 3 7 
1 7 2 2 . 3 1 . 8 1 7 . 3 1 0 . 0 5 1 . 4 4 . 1 2 6 . 7 2 0 . 6 5 1 . 4 3 6 
1 8 6 0 . 6 4 . 4 2 4 . 1 1 6 . 5 1 0 5 . 6 3 . 4 6 5 , 0 3 6 . 8 1 0 5 . 2 3 7 
1 9 5 9 . 8 3 . 0 2 5 . 5 1 4 . 8 1 0 3 . 1 2 . 9 7 3 . 4 2 9 . 1 1 0 5 . 4 3 5 
2 0 1 0 9 . 1 9 . 6 3 0 . 5 2 3 . 4 1 7 2 . 6 3 , 8 1 1 4 . 2 6 3 . 2 1 8 1 . 2 3 4 
2 1 1 5 2 . 4 7 . 8 3 0 , 2 3 0 . 9 2 2 1 . 3 3 . 8 1 4 4 . 7 6 6 . 0 2 1 4 . 5 3 3 
2 2 9 4 . 0 4 . 9 2 4 . 1 2 0 . 0 1 4 3 . 0 2 . 7 9 6 . 4 4 4 . 9 1 4 4 . 0 3 1 
2 3 1 4 0 . 8 6 . 4 2 6 . 2 3 3 . 1 2 0 6 . 5 3 . 1 1 5 3 . 0 5 4 . 8 2 1 0 . 9 3 3 
2 4 9 2 . 6 6 . 2 2 6 . 3 1 7 . 8 1 4 2 . 9 3 . 4 9 8 , 3 4 1 . 6 1 4 3 . 3 3 3 
2 5 2 6 , 5 2 . 2 1 9 . 6 1 1 . 6 5 9 . 9 4 . 9 2 8 . 6 2 6 . 2 5 9 . 7 3 1 
2 6 3 2 . 6 2 . 6 2 8 . 7 2 1 . 2 8 5 . 1 5 . 8 4 3 . 1 3 6 . 6 8 5 . 5 3 1 
2 7 1 6 . 7 1 . 9 1 6 . 2 1 0 . 6 4 5 . 4 4 . 0 1 8 . 6 2 2 . 2 4 4 . 8 3 1 
2 8 1 6 , 5 1 . 8 1 6 . 7 1 0 . 4 4 5 . 4 7 . 0 1 9 . 2 1 8 . 6 4 4 . 8 3 2 
2 9 1 1 2 . 9 6 . 1 2 6 , 9 2 5 . 5 1 7 1 . 4 3 . 8 1 2 0 . 2 4 6 . 3 1 7 0 . 3 3 8 
3 0 1 0 0 . 5 5 . 4 2 5 . 4 2 2 . 2 1 5 3 . 5 2 . 8 1 0 9 . 3 4 8 . 3 1 6 0 . 4 3 8 
3 1 8 5 . 9 4 . 4 2 6 . 3 2 3 . 3 1 3 9 . 9 2 . 6 9 4 . 6 4 3 . 5 1 4 0 . 7 3 8 
3 2 1 8 6 . 5 6 . 9 2 6 . 2 2 7 . 8 2 4 7 . 4 2 . 7 1 7 4 . 1 5 4 . 9 2 3 1 . 7 3 7 
Source: F i n a l Report ° S u p e r v i s i o n o f the Tauorga A g r a r i a n 
Reform P r o j e c t --_ Secondjphase, WAKUTI (Siegen, 
March 197 7) p„21. 
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Appendix - B3 
SOIL MECHANICAL ANALYSIS 
Hosha Depth 
No cm 
Clay 
% 
S i l t 
% 
Sand 
% 
Texture 
Water 
capac-
i t y 
% 
In£ilt.+ 
rate 
cm/hour 
Pore 
volume 
% 
1 28.9 12.3 30.8 56.9 SL 25.4 2.2 45.8 
2 28.2 12.4 33.6 54.0 SL 32.4 1.9 46.8 
3 28.0 12.9 36.8 50.3 L 25.7 2.5 44.8 
4 29.5 12.9 38.7 48.4 L 31.3 2.5 49.0 
5 28.8 11.4 37.1 51.5 L 33.7 3.5 47.6 
6 27.8 12.4 35.3 52.3 SL/L 33.4 1.6 44.2 
7 28.3 12.0 36.4 51.6 L 29.0 2.0 37.3 
8 23.8 11.2 30.4 58.4 SL 21.9 2.3 36.8 
9 27.5 12.2 36.5 51.3 L 34.9 1.1 37.2 
10 25.5 11.7 39.2 49.1 L 38.7 7.7 44.2 
11 26.9 12.4 37.3 50.3 L 35.3 2.3 45.7 
12 28.6 13.7 35.8 50.5 L 38.1 3.5 47.9 
13 27.3 10.3 31.6 58.1 SL 32.1 4.7 46.6 
14 26.1 11.8 23.3 64.9 SL 19.1 3.1 38.1 
15 29.1 14.6 24.6 60.8 SL 26.7 7.1 45.0 
16 30.0 25.9 17.9 56.2 SCL 32.6 3.8 46.2 
17 30.0 20.4 14.6 65.0 SCL 18.9 0.8 27.2 
18 25.0 11.9 34.0 54.1 SL 34.8 1.6 44.7 
19 23.0 11.5 29.5 59.0 SL 33.9 2.8 47.7 
20 24.0 11.1 27.6 61.5 SL 34.5 2.1 46.0 
21 24.0 14.9 30.1 55.0 SL 39.7 2.5 51.0 
22 27.0 12.2 28.0 59.8 SL 30.0 3.5 45.4 
23 24.0 14.5 26.7 58.8 SL 39.3 0.7 38.7 
24 26.8 13.5 21.4 65.1 SL 40.6 1.6 39.5 
25 26.0 10.1 17.1 72.8 SL 39.7 1.4 36.9 
26 29.6 10.1 9.3 80.6 LS 9.9 5.5 33.9 
27 29.3 12.2 6.8 81.0 LS/SL 13.4 3.7 44.9 
28 30.0 13.9 10.6 75.5 SL 16.9 1.4 41.7 
29 22.0 12.7 11.8 75.5 SL 37.6 1.3 35.1 
30 24.0 10.5 18.2 71.3 SL 30.7 1.8 46.5 
31 24.0 10.7 21.6 67.7 SL 36.9 1.5 52.5 
32 23.0 9.9 19.0 71.1 SL 35.6 1.8 45.0 
+ Average d u r i n g s i x hours SL = Sandy Loam SL/L = Sandy Loam/Loa 
LS/SL = Loamy Sand/Sandy Loam LS = Loamy Sand L = Loam 
SCL = Sandy Clay Loam 
Source: F i n a l Rerjort - S u p e r v i s i o n o f t h e Tauorga A g r a r i a n Reform 
P r o j e c t -~~Second~phase, WAKUTI (Siegen, March 1977) , p.17 . 
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